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PRODUCT

(67)  This application relates to a communication
method, an apparatus, a chip, a storage medium, and a
program product. The method includes: receiving indica-
tion information indicating a precoding matrix in a target
codebook, where the precoding matrix is associated with
reference signals of M (M>2) ports, the target codebook
includes a precoding matrix with M rows, and only two
rows include non-zero elements, a quantity of columns
is 2, and the precoding matrix is a partially coherent pre-
coding matrix; or only three rows include non-zero ele-
ments, and the precoding matrix is a partially coherent
precoding matrix or a coherent precoding matrix; or only
K (M>K>4) rows include non-zero elements, and the pre-
coding matrix is a partially coherent precoding matrix. In
this application, an uplink precoding codebook and an
indication method are enhanced, so as to meet an uplink
enhancement requirement for transmit channel resource
pooling. This solution may be applied to a communication
system, forexample, aV2X,anLTE-V,aV2V, anInternet
of Vehicles, an MTC, an loT, an LTE-M, an M2M, or an
Internet of Things.

COMMUNICATION METHOD, APPARATUS, CHIP, STORAGE MEDIUM, AND PROGRAM

First Second
device device
201: The first device sends a first

reference signal of M ports, where M is
an integer greater than 2

202: The second device receives the
first reference signal of the M ports
that is sent by the first device

203: The second device determines first indication
information based on the first reference signal of the M
ports, where the first indication information is used to
indicate a first precoding matrix in a target codebook, the
first precoding matrix is associated with the first reference
signal, and the first precoding matrix has only K rows that
include non-zero elements

204: The second device sends the first
indication information to the first device

205: The first device
receives the first indication
information
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Description

[0001] This application claims priority to Chinese Patent Application No. 202011407395.9, filed with the China National
Intellectual Property Administration on December 4, 2020 and entitled "UPLINK TRANSMISSION INDICATION METH-
OD", which is incorporated herein by reference in its entirety.

[0002] This application claims priority to Chinese Patent Application No. 202011627413.4, filed with the China National
Intellectual Property Administration on December 31, 2020 and entitled "COMMUNICATION METHOD, APPARATUS,
CHIP, STORAGE MEDIUM, AND PROGRAM PRODUCT", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0003] Thisapplicationrelatestothe field of communication technologies, and in particular, to acommunication method,
an apparatus, a chip, a storage medium, and a program product.

BACKGROUND

[0004] With diversification of services such as the mobile Internet and the Internet of Things, mobile communication
has increasingly high requirements for uploading massive data, which imposes a relatively high requirement for an uplink
capacity. The uplink capacity may be increased by using an uplink enhancement solution of transmit channel resource
pooling. However, an existing protocol supports only 2-port and 4-port codebooks, and in a 4-port codebook, only
incoherent precoding is supported when only two ports are activated for layer 2 precoding. This limits flexibility in precoding
after transmit channel switching, cannot meet a requirement for transmit channel resource pooling, and may affect
performance. In addition, after the transmit channel resources are pooled, a configuration of available transmit channels
for three ports may be needed, and an indication method based on a transmitted precoding matrix indicator (Transmitted
Precoding Matrix Indicator, TPMI) for 2-port and 4-port codebooks is not suitable for the uplink enhancement solution
of transmit channel resource pooling.

[0005] Toincrease the uplink capacity by using transmit channel resource pooling and implement flexible and accurate
physical uplink shared channel (Physical Uplink Shared Channel, PUSCH) scheduling, the uplink precoding codebook
and TPMI-based indication method need to be enhanced.

SUMMARY

[0006] In view of this, a communication method, an apparatus, a chip, a storage medium, and a program product are
proposed.

[0007] According to a first aspect, an embodiment of this application provides a communication method. The method
includes: a first device sends a first reference signal of M ports, where M is an integer greater than 2; and the first device
receives first indication information, where the first indication information is used to indicate a first precoding matrix in
a target codebook, the first precoding matrix is associated with the first reference signal, the target codebook includes
at least one target precoding matrix, and a quantity of rows in the target precoding matrix is M; where the target precoding
matrix has only two rows that include non-zero elements, the target precoding matrix has two columns, and the target
precoding matrix is a partially coherent precoding matrix; or the target precoding matrix has only three rows that include
non-zero elements, and the target precoding matrix is a partially coherent precoding matrix or a coherent precoding
matrix; or the target precoding matrix has only K rows that include non-zero elements, K is an integer less than M and
not less than 4, and the target precoding matrix is a partially coherent precoding matrix.

[0008] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0009] Accordingto thefirstaspect, in afirst possible implementation of the first aspect, the partially coherent precoding
matrix is a precoding matrix in which one column includes more than one and less than M non-zero elements, and the
coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0010] Based on the foregoingtechnical solution, the partially coherent precoding matrix included in the target codebook
is a precoding matrix in which one column includes more than one and less than M non-zero elements, and the included
coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0011] According to the first aspect, in a second possible implementation of the first aspect, the first indication infor-
mation includes indication information of a first TPMI, and the first TPMI is an index of the first precoding matrix in the
target codebook.
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[0012] Based on the foregoing technical solution, the first indication information includes the indication information of
the first TPMI, so that the first TPMI is used to indicate the index of the first precoding matrix in the target codebook of
the M ports.

[0013] According to the first aspect, in a third possible implementation of the first aspect, when only two rows in the
target precoding matrix include non-zero elements, the two rows in the target precoding matrix that include the non-zero
elements are determined by [a, b; ¢, d], and a, b, ¢, and d are elements in {1/A1; -1/A4, iIA4, -ifA4}, where j is an imaginary
unit, and A, is a positive constant.

[0014] Based on the foregoing technical solution, {1/A, -1/A4, j/A4, -j/A4} is used to determine that the target codebook
of the M ports includes only two rows of non-zero elements, so that the target codebook of the M ports includes a 2-port
codebook of any 2-port combination, and uplink transmission on two transmit channels on a same carrier can be sup-
ported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving uplink trans-
mission performance.

[0015] According to the first aspect, in a fourth possible implementation of the first aspect, the two rows in the target
precoding matrix that include non-zero elements each may have any row location in the target precoding matrix, and a
matrix formed by the two rows in the target precoding matrix that include non-zero elements is [a, b; c, d].

[0016] Based on the foregoing technical solution, the target precoding matrix that is included in the target codebook
of the M ports and that includes only two rows of non-zero elements is determined by [a, b; ¢, d], so that the target
codebook of the M ports includes a 2-port codebook of any 2-port combination, and uplink transmission on two transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0017] According to the first aspect, in a fifth possible implementation of the first aspect, when only three rows in the
target precoding matrix include non-zero elements, the non-zero elements are elements in {1/A,, ei"3/ A,, ei2m/3/A,,
-1/A,, -el23(A,, -eiT3/A, }, where j is an imaginary unit, A, is a positive constant, and the three rows in the target
precoding matrix that include the non-zero elements each may have any row location.

[0018] Based on the foregoing technical solution, {1/A,, eiT/3/A,, eit3/A,,-1/A, ,-ei2T3/A,,-ei3[A} is used to determine
the non-zero elements that are included in the only three rows in the target codebook of the M ports, so that the target
codebook of the M ports includes a 3-port codebook of any 3-port combination, and uplink transmission on three transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0019] According to the first aspect, in a sixth possible implementation of the first aspect, when only K rows in the
target precoding matrix include non-zero elements, the non-zero elements are elements in {eJ'k“/K/A3 }, where k=0, 1,
2, ..., K-1,jis an imaginary unit, A5 is a positive constant, and the K rows in the target precoding matrix that include the
non-zero elements each may have any row location.

[0020] Based on the foregoing technical solution, {el*@K/Az} is used to determine the non-zero elements that are
included in the only K (M>K>4) rows in the target codebook of the M ports, so that the target codebook of the M ports
includes a K-port codebook of any K-port combination, and uplink transmission on K transmit channels on a same carrier
can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving
uplink transmission performance.

[0021] With reference to the first aspect or the foregoing possible implementations of the first aspect, in a seventh
possible implementation of the first aspect, when the quantity of columns in the target precoding matrix is greater than
1, any two columns in the target precoding matrix are orthogonal column vectors.

[0022] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
so as to improve applicability of the target codebook.

[0023] According to the first aspect or the foregoing possible implementations of the first aspect, in an eighth possible
implementation of the first aspect, a waveform to which the target precoding matrix is applicable includes a discrete
Fourier transformation spread orthogonal frequency division multiplexing (Discrete Fourier Transformation spread Or-
thogonal Frequency Division Multiplexing, DFT-s-OFDM) waveform or a cyclic prefix orthogonal frequency division
multiplexing (Cyclic Prefix Orthogonal Frequency Division Multiplexing, CP-OFDM) waveform.

[0024] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0025] According to a second aspect, an embodiment of this application provides a communication method, where
the method includes: a second device receives a first reference signal of M ports, where M is an integer greater than 2;
and the second device sends first indication information, where the first indication information is used to indicate a first
precoding matrix in a target codebook, the first precoding matrix is associated with the first reference signal, the target
codebook includes at least one target precoding matrix, and a quantity of rows in the target precoding matrix is M; where
the target precoding matrix has only two rows that include non-zero elements, the target precoding matrix has two
columns, and the target precoding matrix is a partially coherent precoding matrix; or the target precoding matrix has
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only three rows that include non-zero elements, and the target precoding matrix is a partially coherent precoding matrix
or a coherent precoding matrix; or the target precoding matrix has only K rows that include non-zero elements, K is an
integer less than M and not less than 4, and the target precoding matrix is a partially coherent precoding matrix.
[0026] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0027] According to the second aspect, in a first possible implementation of the second aspect, the partially coherent
precoding matrix is a precoding matrix in which one column includes more than one and less than M non-zero elements,
and the coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0028] Based on the foregoing technical solution, the partially coherent precoding matrix included in the target codebook
is a precoding matrix in which one column includes more than one and less than M non-zero elements, and the included
coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0029] According to the second aspect, in a second possible implementation of the second aspect, the first indication
information includes indication information of a first TPMI, and the first TPMI is an index of the first precoding matrix in
the target codebook.

[0030] Based on the foregoing technical solution, the first indication information includes the indication information of
the first TPMI, so that the first TPMI is used to indicate the index of the first precoding matrix in the target codebook of
the M ports.

[0031] According to the second aspect, in a third possible implementation of the second aspect, when only two rows
in the target precoding matrix include non-zero elements, the two rows in the target precoding matrix that include the
non-zero elements are determined by [a, b; ¢, d], where a, b, ¢, and d are elements in {I/A,, -I/A,, jIA4, -j/A4},j is an
imaginary unit, and A, is a positive constant.

[0032] Based on the foregoing technical solution, {1/A4. -I/A4, j/A4, -j/A} is used to determine that the target codebook
of the M ports includes only two rows of non-zero elements, so that the target codebook of the M ports includes a 2-port
codebook of any 2-port combination, and uplink transmission on two transmit channels on a same carrier can be sup-
ported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving uplink trans-
mission performance.

[0033] According to the third possible implementation of the second aspect, in a fourth possible implementation of the
second aspect, the two rows in the target precoding matrix that include non-zero elements each have any row location
in the target precoding matrix, and a matrix formed by the two rows in the target precoding matrix that include non-zero
elements is [a, b; c, d].

[0034] Based on the foregoing technical solution, the target precoding matrix that is included in the target codebook
of the M ports and that includes only two rows of non-zero elements is determined by [a, b; ¢, d], so that the target
codebook of the M ports includes a 2-port codebook of any 2-port combination, and uplink transmission on two transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0035] According to the second aspect, in a fifth possible implementation of the second aspect, when only three rows
in the target precoding matrix include non-zero elements, the non-zero elements are elements in {1/A,, ei3/A,, el2"/3/A, -
1/A,,-el2T3IA, -eim3/A L}, where jis an imaginary unit, A, is a positive constant, and the three rows in the target precoding
matrix that include the non-zero elements each may have any row location.

[0036] Based on the foregoing technical solution, {1/A,, eiT/3/A,, eit/3/A,,-1/A, ,-ei2T3/A,,-ei3/A} is used to determine
the non-zero elements that are included in the only three rows in the target codebook of the M ports, so that the target
codebook of the M ports includes a 3-port codebook of any 3-port combination, and uplink transmission on three transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0037] According to the second aspect, in a sixth possible implementation of the second aspect, when only K rows in
the target precoding matrix include non-zero elements, the non-zero elements are elements in {elk"K/A3}, where k=0,
1, 2, ..., K-1, jis an imaginary unit, A5 is a positive constant, and the K rows in the target precoding matrix that include
the non-zero elements each may have any row location.

[0038] Based on the foregoing technical solution, {el@K/Az} is used to determine the non-zero elements that are
included in the only K (M>K>4) rows in the target codebook of the M ports, so that the target codebook of the M ports
includes a K-port codebook of any K-port combination, and uplink transmission on K transmit channels on a same carrier
can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving
uplink transmission performance.

[0039] With reference to the second aspect or the foregoing possible implementations of the second aspect, in a
seventh possible implementation of the second aspect, when the quantity of columns in the target precoding matrix is
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greater than 1, any two columns in the target precoding matrix are orthogonal column vectors.

[0040] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
so as to improve applicability of the target codebook.

[0041] According to the second aspect or the foregoing possible implementations of the second aspect, in an eighth
possible implementation of the second aspect, a waveform to which the target precoding matrix is applicable includes
a DFT-s-OFDM waveform or a CP-OFDM waveform.

[0042] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0043] According to a third aspect, an embodiment of this application provides a communication method, where the
method includes: a first device sends a first reference signal of M ports, where M is an integer greater than 2; and the
first device receives second indication information, where the second indication information is used to indicate N of the
M ports and a second precoding matrix in a target codebook, the second precoding matrix is associated with the N ports,
a quantity of rows in the second precoding matrix is N, and N is a positive integer less than or equal to M.

[0044] Based on the foregoing technical solution, when the quantity M of reference signal ports configured by the
second device for the first device is greater than N (M is an integer greater than 2), the second device schedules, based
on a measurement result of the first reference signal, N antenna ports for the first device to send data, and performs
precoding matrix indication by using a codebook corresponding to the quantity of antenna ports, and adds an indication
of "antenna port selection”, so that the precoding matrix indication method meets the requirement for transmit channel
resource pooling, thereby ensuring a maximum degree of freedom of uplink transmit channel resource pooling, and
improving uplink transmission performance.

[0045] According to the third aspect, in a first possible implementation of the third aspect, the target codebook includes
at least one target precoding matrix, a quantity of rows in the target precoding matrix is N, and the target precoding
matrix does not include a row in which all elements are 0.

[0046] Based on the foregoing technical solution, in a codebook corresponding to a quantity N of antenna ports used
by the first device to send data, the target precoding matrix does not include a row in which all elements are 0, so that
uplink transmission on the N transmit channels can be supported, thereby ensuring a maximum degree of freedom of
uplink transmit channel resource pooling, and improving uplink transmission performance.

[0047] According to the third aspect, in a second possible implementation of the third aspect, the second indication
information includes indication information of a second TPMI, and the second TPMI is an index of the second precoding
matrix in the target codebook.

[0048] Based on the foregoing technical solution, the second indication information includes the indication information
of the second TPMI, so that the second TPMI is used to indicate the index of the second precoding matrix in the target
codebook of the N ports.

[0049] According to the third aspect, in a third possible implementation of the third aspect, the elements included in
the target precoding matrix are elements in {el"™N/A}, where n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive
constant.

[0050] Based on the foregoing technical solution, {el"N/A} determines the target precoding matrix in the target code-
book of the N ports, so that the target codebook of the N ports includes any N-port combination, and uplink transmission
on the N transmit channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit
channel resource pooling, and improving uplink transmission performance.

[0051] According to the third aspect, in a fourth possible implementation of the third aspect, the second indication
information includes indication information of a port bitmap, and the port bitmap is used to indicate N of the M ports;
when each bit in the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal is
not used, and when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of the first
reference signal is used; or when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of
the first reference signal is not used, and when each bit in the port bitmap is 0, it indicates that a corresponding port of
the M ports of the first reference signal is used; or the second indication information includes indication information of
a port indication vector, the port indication vector is used to indicate N of the M ports, and an it" element in the port
indication vector represents one of the M ports of the first reference signal corresponding to an ith row in the second
precoding matrix.

[0052] Based on the foregoing technical solution, "antenna port selection" may be indicated by using a port bitmap or
a port indication vector

[0053] With reference to the third aspect or the foregoing possible implementations of the third aspect, in afifth possible
implementation of the third aspect, when the quantity of columns in the target precoding matrix is greater than 1, any
two columns in the target precoding matrix are orthogonal column vectors.

[0054] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
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so as to improve applicability of the target codebook.

[0055] According to the third aspect or the foregoing possible implementations of the third aspect, in a sixth possible
implementation of the third aspect, a waveform to which the target precoding matrix is applicable includes a DFT-s-
OFDM waveform or a CP-OFDM waveform.

[0056] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0057] According to a fourth aspect, an embodiment of this application provides a communication method. The method
includes: a second device receives a first reference signal of M ports, where M is an integer greater than 2; and the
second device sends second indication information, where the second indication information is used to indicate N of the
M ports and a second precoding matrix in a target codebook, the second precoding matrix is associated with the N ports,
a quantity of rows in the second precoding matrix is N, and N is a positive integer less than or equal to M.

[0058] Based on the foregoing technical solution, when the quantity M of reference signal ports configured by the
second device for the first device is greater than N (M is an integer greater than 2), the second device schedules, based
on a measurement result of the first reference signal, N antenna ports for the first device to send data, and performs
precoding matrix indication by using a codebook corresponding to the quantity of antenna ports, and adds an indication
of "antenna port selection", so that the precoding matrix indication method meets the requirement for transmit channel
resource pooling, thereby ensuring a maximum degree of freedom of uplink transmit channel resource pooling, and
improving uplink transmission performance.

[0059] According to the fourth aspect, in a first possible implementation of the fourth aspect, the target codebook
includes at least one target precoding matrix, a quantity of rows in the target precoding matrix is N, and the target
precoding matrix does not include a row in which all elements are 0.

[0060] Based on the foregoing technical solution, in a codebook corresponding to a quantity N of antenna ports used
by the first device to send data, the target precoding matrix does not include a row in which all elements are 0, so that
uplink transmission on the N transmit channels can be supported, thereby ensuring a maximum degree of freedom of
uplink transmit channel resource pooling, and improving uplink transmission performance.

[0061] According to the fourth aspect, in a second possible implementation of the fourth aspect, the second indication
information includes indication information of a second TPMI, and the second TPMI is an index of the second precoding
matrix in the target codebook.

[0062] Based on the foregoing technical solution, the second indication information includes the indication information
of the second TPMI, so that the second TPMI is used to indicate the index of the second precoding matrix in the target
codebook of the N ports.

[0063] According to the fourth aspect, in a third possible implementation of the fourth aspect, the elements included
in the target precoding matrix are elements in {e"™N/A}, where n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive
constant.

[0064] Based on the foregoing technical solution, {ein™N/A} determines the target precoding matrix in the target code-
book of the N ports, so that the target codebook of the N ports includes any N-port combination, and uplink transmission
on the N transmit channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit
channel resource pooling, and improving uplink transmission performance.

[0065] According to the fourth aspect, in a fourth possible implementation of the fourth aspect, the second indication
information includes indication information of a port bitmap, and the port bitmap is used to indicate N of the M ports;
when each bit in the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal is
not used, and when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of the first
reference signal is used; or when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of
the first reference signal is not used, and when each bit in the port bitmap is 0, it indicates that a corresponding port of
the M ports of the first reference signal is used; or the second indication information includes indication information of
a port indication vector, the port indication vector is used to indicate N of the M ports, and an ith element in the port
indication vector represents one of the M ports of the first reference signal corresponding to an ith row in the second
precoding matrix.

[0066] Based on the foregoing technical solution, "antenna port selection" may be indicated by using a port bitmap or
a port indication vector

[0067] With reference to the fourth aspect or the foregoing possible implementations of the fourth aspect, in a fifth
possible implementation of the fourth aspect, when the quantity of columns in the target precoding matrix is greater than
1, any two columns in the target precoding matrix are orthogonal column vectors.

[0068] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
so as to improve applicability of the target codebook.

[0069] According to the fourth aspect or the foregoing possible implementations of the fourth aspect, in a sixth possible
implementation of the fourth aspect, a waveform to which the target precoding matrix is applicable includes a DFT-s-
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OFDM waveform or a CP-OFDM waveform.

[0070] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0071] According to a fifth aspect, an embodiment of this application provides a communication apparatus. The ap-
paratus includes: a module configured to send a first reference signal of M ports, where M is an integer greater than 2;
and a module configured to receive first indication information, where the first indication information is used to indicate
a first precoding matrix in a target codebook, the first precoding matrix is associated with the first reference signal, the
target codebook includes at least one target precoding matrix, and a quantity of rows in the target precoding matrix is
M; where the target precoding matrix has only two rows that include non-zero elements, the target precoding matrix has
two columns, and the target precoding matrix is a partially coherent precoding matrix; or the target precoding matrix has
only three rows that include non-zero elements, and the target precoding matrix is a partially coherent precoding matrix
or a coherent precoding matrix; or the target precoding matrix has only K rows that include non-zero elements, K is an
integer less than M and not less than 4, and the target precoding matrix is a partially coherent precoding matrix.
[0072] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0073] Accordingto the fifth aspect, in afirst possible implementation of the fifth aspect, the partially coherent precoding
matrix is a precoding matrix in which one column includes more than one and less than M non-zero elements, and the
coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0074] Based on the foregoingtechnical solution, the partially coherent precoding matrix included in the target codebook
is a precoding matrix in which one column includes more than one and less than M non-zero elements, and the included
coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0075] According to the fifth aspect, in a second possible implementation of the fifth aspect, the first indication infor-
mation includes indication information of a first TPMI, and the first TPMI is an index of the first precoding matrix in the
target codebook.

[0076] Based on the foregoing technical solution, the first indication information includes the indication information of
the first TPMI, so that the first TPMI is used to indicate the index of the first precoding matrix in the target codebook of
the M ports.

[0077] According to the fifth aspect, in a third possible implementation of the fifth aspect, when only two rows in the
target precoding matrix include non-zero elements, the two rows in the target precoding matrix that include the non-zero
elements are determined by [a, b; ¢, d], and a, b, ¢, and d are elements in {1/A1; -1/A4, j/A1; -j/A4}, where jis an imaginary
unit, and A, is a positive constant.

[0078] Based on the foregoing technical solution, {1/Ay.-1/A, j/A4, -j/A4} is used to determine that the target codebook
of the M ports includes only two rows of non-zero elements, so that the target codebook of the M ports includes a 2-port
codebook of any 2-port combination, and uplink transmission on two transmit channels on a same carrier can be sup-
ported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving uplink trans-
mission performance.

[0079] According to the fifth aspect, in a fourth possible implementation of the fifth aspect, the two rows in the target
precoding matrix that include non-zero elements each may have any row location in the target precoding matrix, and a
matrix formed by the two rows in the target precoding matrix that include non-zero elements is [a, b; c, d].

[0080] Based on the foregoing technical solution, the target precoding matrix that is included in the target codebook
of the M ports and that includes only two rows of non-zero elements is determined by [a, b; ¢, d], so that the target
codebook of the M ports includes a 2-port codebook of any 2-port combination, and uplink transmission on two transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0081] According to the fifth aspect, in a fifth possible implementation of the fifth aspect, when only three rows in the
target precoding matrix include non-zero elements, the non-zero elements are elements in {1/A,, €3/ A,, el2/3/A,,
-1/A,, -el2T3[A,, -e)™3/A, }, where j is an imaginary unit, A, is a positive constant, and the three rows in the target
precoding matrix that include the non-zero elements each may have any row location.

[0082] Based onthe foregoing technical solution, {1/A,, eit3 /A,, ei2n/3]A, -1/A,,-ei2T/3/A, -eim/3/A,} is used to determine
the non-zero elements that are included in the only three rows in the target codebook of the M ports, so that the target
codebook of the M ports includes a 3-port codebook of any 3-port combination, and uplink transmission on three transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0083] According to the fifth aspect, in a sixth possible implementation of the fifth aspect, when only K rows in the
target precoding matrix include non-zero elements, the non-zero elements are elements in {eJkﬁ/K/A3}, where k=0, 1,
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2, ..., K-1,jis an imaginary unit, A5 is a positive constant, and the K rows in the target precoding matrix that include the
non-zero elements each may have any row location.

[0084] Based on the foregoing technical solution, {e/k7K/Az} is used to determine the non-zero elements that are
included in the only K (M>K>4) rows in the target codebook of the M ports, so that the target codebook of the M ports
includes a K-port codebook of any K-port combination, and uplink transmission on K transmit channels on a same carrier
can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving
uplink transmission performance.

[0085] With reference to the fifth aspect or the foregoing possible implementations of the fifth aspect, in a seventh
possible implementation of the fifth aspect, when the quantity of columns in the target precoding matrix is greater than
1, any two columns in the target precoding matrix are orthogonal column vectors.

[0086] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
so as to improve applicability of the target codebook.

[0087] According to the fifth aspect or the foregoing possible implementations of the fifth aspect, in an eighth possible
implementation of the fifth aspect, a waveform to which the target precoding matrix is applicable includes a DFT-s-OFDM
waveform or a CP-OFDM waveform.

[0088] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0089] According to a sixth aspect, an embodiment of this application provides a communication apparatus. The
apparatus includes: a module configured to receive a first reference signal of M ports, where M is an integer greater
than 2; and a module configured to send first indication information, where the first indication information is used to
indicate a first precoding matrix in a target codebook, the first precoding matrix is associated with the first reference
signal, the target codebook includes at least one target precoding matrix, and a quantity of rows in the target precoding
matrix is M; where the target precoding matrix has only two rows that include non-zero elements, the target precoding
matrix has two columns, and the target precoding matrix is a partially coherent precoding matrix; or the target precoding
matrix has only three rows that include non-zero elements, and the target precoding matrix is a partially coherent
precoding matrix or a coherent precoding matrix; or the target precoding matrix has only K rows that include non-zero
elements, Kis an integer less than M and not less than 4, and the target precoding matrix is a partially coherent precoding
matrix.

[0090] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0091] According to the sixth aspect, in a first possible implementation of the sixth aspect, the partially coherent
precoding matrix is a precoding matrix in which one column includes more than one and less than M non-zero elements,
and the coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0092] Based on the foregoingtechnical solution, the partially coherent precoding matrix included in the target codebook
is a precoding matrix in which one column includes more than one and less than M non-zero elements, and the included
coherent precoding matrix is a precoding matrix in which all columns include M non-zero elements.

[0093] According to the sixth aspect, in a second possible implementation of the sixth aspect, the first indication
information includes indication information of a first TPMI, and the first TPMI is an index of the first precoding matrix in
the target codebook.

[0094] Based on the foregoing technical solution, the first indication information includes the indication information of
the first TPMI, so that the first TPMI is used to indicate the index of the first precoding matrix in the target codebook of
the M ports.

[0095] According to the sixth aspect, in a third possible implementation of the sixth aspect, when only two rows in the
target precoding matrix include non-zero elements, the two rows in the target precoding matrix that include the non-zero
elements are determined by [a, b; ¢, d], where a, b, ¢, and d are elements in {1/A1; -1/A4, jIA4, -jlA4}, | is an imaginary
unit, and A, is a positive constant.

[0096] Based on the foregoing technical solution, {1/A4. -1/A, jI/A¢, -j/A4} is used to determine that the target codebook
of the M ports includes only two rows of non-zero elements, so that the target codebook of the M ports includes a 2-port
codebook of any 2-port combination, and uplink transmission on two transmit channels on a same carrier can be sup-
ported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving uplink trans-
mission performance.

[0097] According to the third possible implementation of the sixth aspect, in a fourth possible implementation of the
sixth aspect, the two rows in the target precoding matrix that include non-zero elements each may have any row location
in the target precoding matrix, and a matrix formed by the two rows in the target precoding matrix that include non-zero
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elements is [a, b; c, d].

[0098] Based on the foregoing technical solution, the target precoding matrix that is included in the target codebook
of the M ports and that includes only two rows of non-zero elements is determined by [a, b; ¢, d], so that the target
codebook of the M ports includes a 2-port codebook of any 2-port combination, and uplink transmission on two transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0099] According to the sixth aspect, in a fifth possible implementation of the sixth aspect, when only three rows in
the target precoding matrix include non-zero elements, the non-zero elements are elements in {1/A,, el”3/A,, el2/3/A,,
-1/A,, -el23/A,, -eim’3/A,}, where jis an imaginary unit, A, is a positive constant, and the three rows in the target precoding
matrix that include the non-zero elements each may have any row location.

[0100] Based on the foregoing technical solution, {1/A,, eiT/3/A,, eit/3/A,,-1/A, ,-ei2T3/A,,-eim3]A} is used to determine
the non-zero elements that are included in the only three rows in the target codebook of the M ports, so that the target
codebook of the M ports includes a 3-port codebook of any 3-port combination, and uplink transmission on three transmit
channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource
pooling, and improving uplink transmission performance.

[0101] According to the sixth aspect, in a sixth possible implementation of the sixth aspect, when only K rows in the
target precoding matrix include non-zero elements, the non-zero elements are elements in {eJkﬁ/K/A3}, where k=0, 1,
2, ..., K-1,jis an imaginary unit, A5 is a positive constant, and the K rows in the target precoding matrix that include the
non-zero elements each may have any row location.

[0102] Based on the foregoing technical solution, {e/k7K/Az} is used to determine the non-zero elements that are
included in the only K (M>K>4) rows in the target codebook of the M ports, so that the target codebook of the M ports
includes a K-port codebook of any K-port combination, and uplink transmission on K transmit channels on a same carrier
can be supported, thereby ensuring a degree of freedom of uplink transmit channel resource pooling, and improving
uplink transmission performance.

[0103] With reference to the sixth aspect or the foregoing possible implementations of the sixth aspect, in a seventh
possible implementation of the sixth aspect, when the quantity of columns in the target precoding matrix is greater than
1, any two columns in the target precoding matrix are orthogonal column vectors.

[0104] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
so as to improve applicability of the target codebook.

[0105] Accordingto the sixth aspect or the foregoing possible implementations of the sixth aspect, in an eighth possible
implementation of the sixth aspect, a waveform to which the target precoding matrix is applicable includes DFT-s-OFDM
or CP-OFDM.

[0106] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0107] According to a seventh aspect, an embodiment of this application provides a communication apparatus. The
apparatus includes: a module configured to send a first reference signal of M ports, where M is an integer greater than
2; and a module configured to receive second indication information, where the second indication information is used
toindicate N of the M ports and a second precoding matrix in a target codebook, the second precoding matrix is associated
with the N ports, a quantity of rows in the second precoding matrix is N, and N is a positive integer less than or equal to M.
[0108] Based on the foregoing technical solution, when the quantity M of reference signal ports configured by the
second device for the first device is greater than N (M is an integer greater than 2), the second device schedules, based
on a measurement result of the first reference signal, N antenna ports for the first device to send data, and performs
precoding matrix indication by using a codebook corresponding to the quantity of antenna ports, and adds an indication
of "antenna port selection", so that the precoding matrix indication method meets the requirement for transmit channel
resource pooling, thereby ensuring a maximum degree of freedom of uplink transmit channel resource pooling, and
improving uplink transmission performance.

[0109] According to the seventh aspect, in a first possible implementation of the seventh aspect, the target codebook
includes at least one target precoding matrix, a quantity of rows in the target precoding matrix is N, and the target
precoding matrix does not include a row in which all elements are 0.

[0110] Based on the foregoing technical solution, in a codebook corresponding to a quantity N of antenna ports used
by the first device to send data, the target precoding matrix does not include a row in which all elements are 0, so that
uplink transmission on the N transmit channels can be supported, thereby ensuring a maximum degree of freedom of
uplink transmit channel resource pooling, and improving uplink transmission performance.

[0111] According to the seventh aspect, in a second possible implementation of the seventh aspect, the second
indication information includes indication information of a second TPMI, and the second TPMI is an index of the second
precoding matrix in the target codebook.

[0112] Based on the foregoing technical solution, the second indication information includes the indication information
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of the second TPMI, so that the second TPMI is used to indicate the index of the second precoding matrix in the target
codebook of the N ports.

[0113] Accordingto the seventh aspect, in a third possible implementation of the seventh aspect, the elements included
in the target precoding matrix are elements in {el"N/A}, where n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive
constant.

[0114] Based on the foregoing technical solution, {ein™N/A} determines the target precoding matrix in the target code-
book of the N ports, so that the target codebook of the N ports includes any N-port combination, and uplink transmission
on the N transmit channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit
channel resource pooling, and improving uplink transmission performance.

[0115] Accordingtothe seventhaspect, in a fourth possible implementation of the seventh aspect, the second indication
information includes indication information of a port bitmap, and the port bitmap is used to indicate N of the M ports;
when each bit in the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal is
not used, and when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of the first
reference signal is used; or when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of
the first reference signal is not used, and when each bit in the port bitmap is 0, it indicates that a corresponding port of
the M ports of the first reference signal is used; or the second indication information includes indication information of
a port indication vector, the port indication vector is used to indicate N of the M ports, and an it" element in the port
indication vector represents one of the M ports of the first reference signal corresponding to an ith row in the second
precoding matrix.

[0116] Based on the foregoing technical solution, "antenna port selection" may be indicated by using a port bitmap or
a port indication vector.

[0117] With reference to the seventh aspect or the foregoing possible implementations of the seventh aspect, in a fifth
possible implementation of the seventh aspect, when the quantity of columns in the target precoding matrix is greater
than 1, any two columns in the target precoding matrix are orthogonal column vectors.

[0118] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
so as to improve applicability of the target codebook.

[0119] According to the seventh aspect or the foregoing possible implementations of the seventh aspect, in a sixth
possible implementation of the seventh aspect, a waveform to which the target precoding matrix is applicable includes
DFT-s-OFDM or CP-OFDM.

[0120] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0121] According to an eighth aspect, an embodiment of this application provides a communication apparatus, where
the apparatus includes: a module configured to receive a first reference signal of M ports, where M is an integer greater
than 2; and a module configured to send second indication information, where the second indication information is used
toindicate N of the M ports and a second precoding matrix in a target codebook, the second precoding matrix is associated
with the N ports, a quantity of rows in the second precoding matrix is N, and N is a positive integer less than or equal to M.
[0122] Based on the foregoing technical solution, when the quantity M of reference signal ports configured by the
second device for the first device is greater than N (M is an integer greater than 2), the second device schedules, based
on a measurement result of the first reference signal, N antenna ports for the first device to send data, and performs
precoding matrix indication by using a codebook corresponding to the quantity of antenna ports, and adds an indication
of "antenna port selection", so that the precoding matrix indication method meets the requirement for transmit channel
resource pooling, thereby ensuring a maximum degree of freedom of uplink transmit channel resource pooling, and
improving uplink transmission performance.

[0123] According to the eighth aspect, in a first possible implementation of the eighth aspect, the target codebook
includes at least one target precoding matrix, a quantity of rows in the target precoding matrix is N, and the target
precoding matrix does not include a row in which all elements are 0.

[0124] Based on the foregoing technical solution, in a codebook corresponding to a quantity N of antenna ports used
by the first device to send data, the target precoding matrix does not include a row in which all elements are 0, so that
uplink transmission on the N transmit channels can be supported, thereby ensuring a maximum degree of freedom of
uplink transmit channel resource pooling, and improving uplink transmission performance.

[0125] According to the eighth aspect, in a second possible implementation of the eighth aspect, the second indication
information includes indication information of a second TPMI, and the second TPMI is an index of the second precoding
matrix in the target codebook.

[0126] Based on the foregoing technical solution, the second indication information includes the indication information
of the second TPMI, so that the second TPMI is used to indicate the index of the second precoding matrix in the target
codebook of the N ports.

[0127] According to the eighth aspect, in a third possible implementation of the eighth aspect, the elements included
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in the target precoding matrix are elements in {el"N/A}, where n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive
constant.

[0128] Based on the foregoing technical solution, {el"™N/A} determines the target precoding matrix in the target code-
book of the N ports, so that the target codebook of the N ports includes any N-port combination, and uplink transmission
on the N transmit channels on a same carrier can be supported, thereby ensuring a degree of freedom of uplink transmit
channel resource pooling, and improving uplink transmission performance.

[0129] According to the eighth aspect, in a fourth possible implementation of the eighth aspect, the second indication
information includes indication information of a port bitmap, and the port bitmap is used to indicate N of the M ports;
when each bit in the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal is
not used, and when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of the first
reference signal is used; or when each bit in the port bitmap is 1, it indicates that a corresponding port of the M ports of
the first reference signal is not used, and when each bit in the port bitmap is 0, it indicates that a corresponding port of
the M ports of the first reference signal is used; or the second indication information includes indication information of
a port indication vector, the port indication vector is used to indicate N of the M ports, and an it" element in the port
indication vector represents one of the M ports of the first reference signal corresponding to an ith row in the second
precoding matrix.

[0130] Based on the foregoing technical solution, "antenna port selection" may be indicated by using a port bitmap or
a port indication vector

[0131] According to the eighth aspect or the foregoing possible implementations of the eighth aspect, in a fifth possible
implementation of the eighth aspect, when the quantity of columns in the target precoding matrix is greater than 1, any
two columns in the target precoding matrix are orthogonal column vectors.

[0132] Based on the foregoing technical solution, in a target precoding matrix in which a quantity of columns included
in a target codebook is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors,
so as to improve applicability of the target codebook.

[0133] Accordingto the eighth aspect or the foregoing possible implementations of the eighth aspect, in a sixth possible
implementation of the eighth aspect, a waveform to which the target precoding matrix is applicable includes a DFT-s-
OFDM waveform or a CP-OFDM waveform.

[0134] Based on the foregoing technical solution, a waveform to which the target precoding matrix is applicable may
be a DFT-s-OFDM waveform or a CP-OFDM waveform, to meet different requirements.

[0135] According to a ninth aspect, an embodiment of this application provides a communication apparatus, including:
a processor, where the processor is configured to execute a computer program stored in a memory, so as to perform
the communication method according to the first aspect or one or more of the possible implementations of the first
aspect, or the communication method according to the second aspect or one or more of the possible implementations
of the second aspect, or the communication method according to the third aspect or one or more of the possible imple-
mentations of the third aspect, or the communication method according to one or more of the fourth aspect or the possible
implementations of the fourth aspect.

[0136] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0137] According to a tenth aspect, an embodiment of this application provides a non-volatile computer-readable
storage medium. The non-volatile computer-readable storage medium stores computer program instructions. When the
computer program instructions are executed by a processor, the communication method according to the first aspect
or one or more of a possible implementations of the first aspect, or the communication method according to the second
aspect or one or more of the possible implementations of the second aspect, or the communication method according
to the third aspect or one or more of the possible implementations of the third aspect, or the communication method
according to one or more of the fourth aspect or the possible implementations of the fourth aspect is implemented.
[0138] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0139] According to an eleventh aspect, an embodiment of this application provides a chip, including a processor.
When the processor executes instructions, the processor performs the communication method according to the first
aspect or one or more of the possible implementations of the first aspect, or performs the communication method
according to the second aspect or one or more of the possible implementations of the second aspect, or performs the
communication method according to the third aspect or one or more of the possible implementations of the third aspect,
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or performs the communication method according to the fourth aspect or one or more of the possible implementations
of the fourth aspect.

[0140] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0141] Accordingto atwelfth aspect, an embodiment of this application provides a computer program product including
instructions. When the computer program product runs on a computer, the computer is enabled to perform the commu-
nication method according to one or more of the first aspect or the possible implementations of the first aspect, or perform
the communication method according to one or more of the second aspect or the possible implementations of the second
aspect, or perform the communication method according to the third aspect or the possible implementations of the third
aspect, or perform the communication method according to the fourth aspect or one or more of the possible implemen-
tations of the fourth aspect.

[0142] Based on the foregoing technical solution, for an uplink enhancement solution of transmit channel resource
pooling of a terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the
first indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a
plurality of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a
maximum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0143] These aspects and other aspects of this application are more concise and more comprehensive in descriptions
of the following embodiments.

BRIEF DESCRIPTION OF DRAWINGS

[0144] The accompanying drawings included in this specification and constituting a part of this specification and this
specification jointly show example embodiments, features, and aspects of this application, and are intended to explain
the principles of this application.

FIG. 1 is a schematic diagram of an architecture of a communication system to which a technical solution according
to this application is applicable;

FIG. 2 is a flowchart of a communication method according to an embodiment of this application;

FIG. 3 is a flowchart of another communication method according to an embodiment of this application;

FIG. 4 is a flowchart of another communication method according to an embodiment of this application;

FIG. 5 is a flowchart of another communication method according to an embodiment of this application;

FIG. 6 is a flowchart of another communication method according to an embodiment of this application;

FIG. 7 is a flowchart of another communication method according to an embodiment of this application;

FIG. 8 is a diagram of a structure of a communication apparatus according to an embodiment of this application;
FIG. 9 is a diagram of a structure of a communication apparatus according to an embodiment of this application;
FIG. 10 is a schematic diagram of a structure of a terminal device according to an embodiment of this application;
FIG. 11is a schematic diagram of a structure of a network device according to an embodiment of this application; and
FIG. 12 is a schematic diagram of a structure of a chip according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0145] The following describes various example embodiments, features, and aspects of this application in detail with
reference to the accompanying drawings. Identical reference signs in the accompanying drawings indicate elements
that have same or similar functions. Although various aspects of embodiments are shown in the accompanying drawings,
unless otherwise specified, the accompanying drawings do not need to be drawn to scale.

[0146] The specific term "example" herein means "used as an example, embodiment or illustration”. Any embodiment
described as an "example" is not necessarily explained as being superior or better than other embodiments.

[0147] In addition, to better describe this application, numerous specific details are given in the following specific
implementations. A person skilled in the art should understand that this application can also be implemented without
some specific details. In some embodiments, methods, means, elements and circuits that are well-known to a person
skilled in the art are not described in detail, so that the subject matter of this application is highlighted.

[0148] With the diversified development of services such as mobile Internet and Internet of Things, mobile communi-
cation has increasingly higher requirements on uploading massive data. For example, services such as ultra-high def-
inition video, intelligent surveillance, virtual reality (Virtual Reality, VR), augmented reality (Augmented Reality, AR), and
live video have relatively high requirements on an uplink (Uplink, UL) capacity. For example, currently, a sub-6G com-
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mercial frequency band of a mainstream 5th generation (5th Generation, 5G) mobile communication system is mainly
a medium- and high-frequency band such as 2.6 GHz, 3.5 GHz, or 4.9 GHz, and generally uses a time division duplex
(Time Division Duplex, TDD) mode. Consequently, problems such as a relatively high path loss and a relatively low
uplink duty cycle occur, and the uplink capacity is insufficient.

[0149] The uplink capacity can be increased by using an uplink enhancement solution of transmit channel resource
pooling. In this solution, transmit (Transmit, Tx) channel resources of a terminal device are pooled, that is, transmit
channels are allowed to be switched to different carriers, so that a quantity of transmit channels of each carrier may be
flexibly adjusted based on an instantaneous channel condition, thereby improving resource utilization. For example, the
terminal device has three transmit channels. In a non-transmit channel resource pooling mechanism, the three transmit
channels work only on a specific frequency band. For example, the three transmit channels respectively work on frequency
bands 2.6 GHz, 3.5 GHz, and 4.9 GHz. If the terminal device sends data that has a relatively high requirement for the
uplink capacity, such as an ultra-high definition video, and a time-frequency resource of only one frequency band, for
example, 2.6 GHz, is allocated, a transmit channel that works on another frequency band cannot work. Therefore, some
transmit channel resources are wasted, and one 2.6 GHz frequency band may not meet a requirement, thereby imaging
user experience. In this case, by using the transmit channel resource pooling solution, even if a time-frequency resource
of only one frequency band, for example, 2.6 GHz, is allocated to the terminal device, the terminal device may send
data on the allocated time-frequency resource by using another transmit channel. In other words, an ultra-HD video may
be simultaneously sent by using frequency bands 2.6 GHz, 3.5 GHz, and 4.9 GHz, so that an additional antenna array
gain, diversity gain, and multiplexing gain are provided by using an additional transmit channel resource, thereby in-
creasing an uplink transmission rate, and improving user experience.

[0150] In the foregoing uplink enhancement solution of transmit channel resource pooling, the network device may
obtain, by measuring a sounding reference signal (Sounding Reference Signal, SRS), uplink channel information for
switching transmit channels to different carriers. Then, the network device determines, based on the uplink channel
information, an optimal transmit channel switching solution and a precoding scheme corresponding to the optimal transmit
channel switching solution. The network device further schedules sending of the PUSCH by sending downlink control
information (Downlink Control Information, DCI).

[0151] The following first briefly describes some concepts in embodiments of this application.

1. Precoding technology: When a channel state is known, a sending device may process a to-be-sent signal by
using a precoding matrix that matches the channel state, so that a precoded to-be-sent signal adapts to a channel,
thereby reducing complexity of eliminating inter-channel impact by a receiving device. Therefore, the to-be-sent
signal is processed by using the precoding matrix, so as to improve signal quality.

2. Precoding matrix: The precoding matrix may be determined based on a channel matrix of each frequency domain
unit; and the channel matrix may be determined by a terminal device in a manner such as channel estimation or
based on channel reciprocity. For example, the precoding matrix may be obtained by performing singular value
decomposition (singular value decomposition, SVD) on a channel matrix or a covariance matrix of a channel matrix,
or may be obtained by performing eigenvalue decomposition (eigenvalue decomposition, EVD) on a covariance
matrix of a channel matrix. The precoding matrix may fall into the following types: a fully coherent precoding matrix,
a partially coherent precoding matrix, and an incoherent precoding matrix.

[0152] The fully coherent precoding matrix means that phase calibration and phase weighting can be completed
between transmit antenna ports corresponding to different rows in the precoding matrix, that is, all transmit antenna
ports of the terminal device may be used to send data of a same transmission layer

[0153] The partially coherent precoding matrix means that phase calibration can be completed between transmit
antenna ports corresponding to at least two rows in the precoding matrix, and phase weighting can be performed, and
transmit antenna ports corresponding to the at least two rows may be used to send data at a same transmission layer.
In addition, phase calibration cannot be completed between transmit antenna ports corresponding to at least two rows
in the precoding matrix, and phase weighting cannot be performed, that is, transmit antenna ports corresponding to the
at least two rows cannot be used to send data at a same transmission layer

[0154] The incoherent precoding matrix means that phase calibration cannot be completed between transmit antenna
ports corresponding to different rows in the precoding matrix, and phase weighting cannot be performed. In other words,
transmit antenna ports corresponding to all rows cannot be used to send data of a same transmission layer, that is, one
piece of transmission layer data can be sent only by using one of transmit antenna ports corresponding to all rows.

3. A quantity of precoding layers may also be referred to as a quantity of transmission layers. Optionally, the network
device may determine, with reference to the rank (rank) of the channel matrix fed back by the terminal device, the
quantity of precoding layers used for data transmission between the network device and the terminal device. The
terminal device may determine the rank of the channel matrix based on a channel obtained through channel esti-
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mation. For example, in a process of determining the precoding matrix by using the SVD, different precoding layers
may be distinguished according to the eigenvalue. For example, a precoding vector determined based on an eigen-
vector corresponding to a maximum eigenvalue may correspond to a first precoding layer, and a precoding vector
determined based on an eigenvector corresponding to a minimum eigenvalue may correspond to a Zth precoding
layer. That is, eigenvalues corresponding to the first transmission layer to the Zt" precoding layer decrease in
sequence.

4. A port (port) may also be referred to as an antenna port (antenna port), and may be understood as a virtual
antenna identified by a receiving device. A port is a logical concept. One port may be one physical transmit antenna,
or may be a combination of a plurality of physical transmit antennas. For signals that are sent through a same port,
regardless of whether the signals are sent through a same physical antenna or different physical antennas, channels
corresponding to paths through which the signals pass during spatial transmission may be considered as the same
or correlated (for example, channel matrices with large-scale channel characteristic are the same). In other words,
when demodulating signals that are sent through a same port, a receive end may consider that channels of the
signals are the same or correlated, and the signal receive end usually identifies signals from different transmit
channels by using antenna ports.

[0155] Optionally, the port may be a transmit antenna port. For example, a reference signal of each port may be a
reference signal that is not precoded, or may be a precoded reference signal obtained by precoding a reference signal
based on one delay vector A quantity of ports may be a quantity of transmit antenna ports or a quantity of transmitantennas.
[0156] Optionally, the port is a reference signal port after beamforming. For example, a reference signal of each port
may be a precoded reference signal obtained by precoding a reference signal based on one angle vector, or may be a
precoded reference signal obtained by precoding a reference signal based on one angle vector and one delay vector A
quantity of ports may be a quantity of reference signal ports or a quantity of angle vectors. It may be understood that, a
quantity of reference signal ports after beamforming may be less than a quantity of transmit antenna ports.

[0157] In embodiments shown below, unless otherwise specified, the port refers to a reference signal port, and the
antenna port refers to a transmit antenna port.

[0158] 5. A codebook, also referred to as a precoding codebook, is a predefined set of a limited quantity of precoding
matrices. Optionally, the codebook may be a precoding matrix table that includes a plurality of precoding matrices and
a TPMI index corresponding to each precoding matrix. The precoding matrix table is preconfigured by a network device
and a terminal device, for example, stored in a storage medium or a chip of the network device or the terminal device
before being delivered. A sending terminal may indicate, to a receiving terminal based on a codebook, a transmit antenna
port and a corresponding precoding matrix that need to be collected for data transmission. For example, the network
device indicates, to the terminal device based on a codebook, an antenna port for sending a PUSCH and a corresponding
precoding matrix. In this case, the codebook may be referred to as an uplink precoding codebook.

[0159] Both the network device and the terminal device pre-store a plurality of codebooks for different quantities of
antenna ports, different quantities of precoding layers, and different waveforms. For example, codebooks pre-stored
between the network device and the terminal device may be shown in Table 1 to Table 7 below. In Table 1 to Table 7,
W represents a precoding matrix. In each precoding matrix, each row corresponds to one transmit antenna port, and
each column corresponds to one transmission layer. One TPMI index corresponds to one precoding matrix. In Table 1
to Table 7, the precoding matrices are arranged from left to right in ascending order of TPMI index values.

Table 1 Precoding matrix table for layer 1 transmission using two antenna ports
TPMlindex | W

IR E oA

[0160] The codebook in Table 1 includes a precoding matrix for layer 1 transmission using two antenna ports. TPMI
index values 0 and 1 correspond to incoherent precoding matrices, and index values 2 to 5 correspond to fully coherent
precoding matrices.
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Table 2 Precoding matrix table for layer 2 transmission using two antenna ports

TPMIindex | W
11 1 11 1
211 -1 21/ =

2 | Fo

[0161] The codebook in Table 2 includes a precoding matrix for layer 2 transmission using two antenna ports. TPMI
index value 0 corresponds to an incoherent precoding matrix, and index values 1 and 2 correspond to fully coherent
precoding matrices.

Table 3 Precoding matrix table for layer 1 transmission using four antenna ports and a DFT-s-OFDM waveform

TPMlindex | W
(1] 0 [0] 0 1 1 1 1
0.7 10 11 10 10 10 10 110 1l 0
210 210 201 210 201 -1 20 2|—j
0] 0 0] 1 0 0 0 K
(0] 0 (0] [ 0] (1] 1 (1] 1
8-15 1 11 11 1 1l 11 1 11
210 21 0 210 200 2| 1 20 20 -1 20—
1] -1 /] -/ |—1] Jj 1] -
(1] 1 (1] (1] (1] 1 (1] 1
' ' ' -1 -1 -1 -1
16-23 1 117 1 17 1 1 1 1
201 20 21 -1 2|—j 2| 1 2| 20 -1 20—
_j_ 1 =/ _—l_ L 1 ] —J _—l_ | J
1 1 (1] (1]
0497 1= 1=J 1=J =7 . ) ) )
20 1 2| Jj 20 -1 2|—j
—J -1 L J | | 1]

[0162] The codebook in Table 3 includes a precoding matrix for layer 1 transmission using four antenna ports and a
discrete Fourier transformation spread orthogonal frequency division multiplexing (Discrete Fourier Transformation
spread Orthogonal Frequency Division Multiplexing, DFT-s-OFDM) waveform. TPMI index values 0 to 3 correspond to
incoherent precoding matrices, index values 4 to 11 correspond to partially coherent precoding matrices, and index
values 12 to 27 correspond to fully coherent precoding matrices.

Table 4 Precoding matrix table for layer 1 transmission using four antenna ports and a CP-OFDM waveform

TPMI index | W
0 0 0 1
o 10 11 10 1 0 0 1l 0
2|0 2|0 2|0 21-1 j 2|—j
0 0 0 0 0 0
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(continued)
TPMI index w
[0 (0] 0 (0] 1 1 (1] (1]
615 11 11 11 1| 1 11 11 11 11
] 2(0 200 2(0 20 0 2(1 20/ 2|-1 2|—j
|1 -1 J =] 1 J -1 -/
1 1] [ 1] 1] 1 1 (1] 1]
' ' ' -1 -1 -1 -1
16-23 117 17 117 117 1 1 1 1
211 2| j 2| -1 2|—j 21 1 2| j 2(-1 2|—j
| J _—1_ =7 _1_ -1 —j _1_ L J |
1 1] [ 1] 1]
o4.97 1= 1= 1= =71 . . ) )
2| 1 2| j 2| -1 2| -
—J 1| L J ] -1

[0163] The codebook in Table 4 includes a precoding matrix for layer 1 transmission using four antenna ports and a
cyclic prefix orthogonal frequency division multiplexing (Cyclic Prefix Orthogonal Frequency Division Multiplexing, CP-
OFDM)waveform. TPMlindex values 0 to 3 correspond to incoherent precoding matrices, index values 4 to 11 correspond
to partially coherent precoding matrices, and index values 12 to 27 correspond to fully coherent precoding matrices.

Table 5 Precoding matrix table for layer 2 transmission using four antenna ports and a CP-OFDM waveform

TPMlindex | W
1 0] 1 0] 1 0 [0 0]
110 1 1o o 110 0 111 0
03 200 0 200 1 200 0 200 1
0 0] 0 0] 0 1 0 0]
[0 0] [0 0] 1 0 1 0]
4-7 110 1100 110 1 110 1
210 0 2|11 0 21 0 2|11 0
0 1] 0 1] 0 —j 0 7]
1 0 1 0 1 0 1 0]
611 1o 1 1[0 1 1 1 1
21— 0 2|-j 0 -1 0 -1 0
0 1 0 -1 0 —j 0 J
1 0 1 0 11 1
110 1 10 1 111 11 1
12-15 — - — —
217 0 2j 0 2|1 -1 W2|j —J
0 1 0 -1 1 -1 j o=
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(continued)
TPMlindex | W
I 1 I 1 I 1 1 1
16-19 1|7 J 1 (J 1 |-1 -1 1 |-1 -1
021 -1 W2 -J W2| 1 -1 W2\ -J
Jj —J -1 1] -1 1 -J J
11 1 1]
1 |=J —J 1 |=J —J
20-21 o — o —
W21 -1 W2\ —i
—j J I -1]
[0164] The codebook in Table 5 includes a precoding matrix for layer 2 transmission using four antenna ports and a

CP-OFDM waveform. TPMI index values 0 to 5 correspond to incoherent precoding matrices, index values 6 to 13
correspond to partially coherent precoding matrices, and index values 14 to 21 correspond to fully coherent precoding

matrices.

Table 6 Precoding matrix table for layer 3 transmission using four antenna ports and a CP-OFDM waveform

TPMlindex | W
100 100 1 00 11 1
110 1 0 110 1 0 110 10 1 |1 -1 1
0-3 - - — —_—
001 21 0 0 2|-1 0 0 231 1 -1
000 10 01 0 01 1 -1 -1
11 1 11 1 11 1
46 1 ({1 -1 1 1 (-1 1 -1 1 (-1 1T -1
W3l J - 2311 -1 W3l J -
J =Jj =J -1 11 -J J J
[0165] The codebook in Table 6 includes a precoding matrix for layer 3 transmission using four antenna ports and a

CP-OFDMwaveform. TPMIlindex value O corresponds to an incoherent precoding matrix, index values 1 and 2 correspond
to partially coherent precoding matrices, and index values 3 to 6 correspond to fully coherent precoding matrices.

Table 7 Precoding matrix table for layer 4 transmission using four antenna ports and a CP-OFDM waveform

TPMIl index | W
1000 1 1 0 0 1 1 0 0 11 1 1
0 10 100 L0 0 1 1) 10 0 1 1|l 1l -1 1 -l
200 0 1 0 2W2[1 -1 0 0 2W2lj -j 0 0 41 1 -1 -1
0001 0 0 1 -1 0 0 j —j 1 -1 -1 1
11 1 1
1r -1 1 -1
4 - -
47 J —J -
Jo—J = J
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[0166] The codebook in Table 7 includes a precoding matrix for layer 4 transmission using four antenna ports and a
CP-OFDMwaveform. TPMIlindex value O corresponds to an incoherent precoding matrix, index values 1 and 2 correspond
to partially coherent precoding matrices, and index values 3 and 4 correspond to fully coherent precoding matrices.
[0167] A process in which the network device indicates, to the terminal device based on the codebooks in Table 1 to
Table 7, an antenna port for sendinga PUSCH and a corresponding precoding matrix includes: Before uplink transmission,
the terminal device sends an SRS on a corresponding time-frequency resource based on an SRS resource configuration,
and the network device receives and measures the SRS on the corresponding time-frequency resource, to obtain an
SRS measurement result. The network device determines, in the foregoing predefined codebook based on a result of
the latest SRS measurement, a precoding matrix for sending the PUSCH by the terminal device, where a quantity of
ports corresponding to the codebook and the precoding matrix is the same as a quantity of ports of the latest SRS; and
the network device instructs, by sending DCI, the terminal device to send the PUSCH. The DCI indicates PUSCH
transmission parameters, including: a quantity of precoding layers and a TPMI. The TPMI may support indication of 2-
port and 4-port precoding matrices, and different quantities of antenna ports and different quantities of precoding layers
correspond to different precoding matrix tables. After receiving the quantity of precoding layers and the indication infor-
mation of the TPMI, the terminal device determines the quantity of antenna ports based on the quantity of SRS ports in
the SRS resource configuration, determines the precoding matrix table based on the corresponding quantity of antenna
ports and the quantity of precoding layers, and then searches the corresponding precoding matrix table for the precoding
matrix corresponding to the TPMI.

[0168] When the network device indicates, to the terminal device based on the codebooks in Table 1 to Table 7, the
antenna port for sending the PUSCH and the corresponding precoding matrix, the network device determines, in the
predefined codebook based on the latest SRS measurement result, the precoding matrix for sending the PUSCH by the
terminal device. A quantity of ports corresponding to the codebook and the precoding matrix is the same as a quantity
of ports of the latest SRS. For example, if the quantity of SRS ports is 2, the corresponding precoding matrix is selected
from Table 1 and Table 2; or if the quantity of SRS ports is 4, the corresponding precoding matrix is selected from Table
3 to Table 7. It can be learned from Table 1 to Table 7 that the protocol supports only 2-port and 4-port codebooks.
[0169] However,inanuplinkenhancement solution of transmit channelresource pooling, transmission on three transmit
channels may be allowed according to a capability of the terminal device. However, based on the codebooks in Table
1to Table 7, a codebook of three ports is not supported, that is, the TPMI indicates that indication of a precoding matrix
associated with three ports is not supported, that is, transmission on three transmit channels is not supported. Conse-
quently, flexibility of transmit channel switching is limited, and a performance loss may be caused.

[0170] In addition, in the uplink enhancement solution of transmit channel resource pooling, the network device de-
termines a precoding matrix on each carrier based on SRS measurement results on a plurality of SRS resources, and
cannot directly infer, from a quantity of SRS ports in an SRS resource configuration, an actual quantity of antenna ports
for sending the PUSCH. If TPMI indication is performed based on only the codebooks in Table 1 to Table 7, the terminal
device cannot accurately determine an antenna port for sending a PUSCH or select a precoding matrix from a precoding
matrix table.

[0171] For example, when the quantity of SRS ports configured by the network device is 3 or 4, and the network device
indicates that the quantity of antenna ports for sending the PUSCH is 2 or 3, the 4-port codebook in Table 1 to Table 7
cannot meet a requirement. For another example, if a quantity of configured SRS ports is 4, transmit antenna ports
corresponding to SRS ports 0 to 3 are transmit antenna ports 0 to 3. If the transmit antenna ports 0 to 1 need to be
scheduled for sending the PUSCH, it is assumed that the network device needs to configure the terminal device with
the following precoding matrix for layer 1 transmission:

1
1
0 ’
0
or the following precoding matrix for layer 2 transmission:
1 1
1 -1
0 O
0 O

[0172] None of the precoding matrices is included in the codebooks in Table 3 to Table 5. Therefore, TPMI indication
cannot be performed based on the codebooks in Table 3 to Table 5.
[0173] Therefore, the uplink precoding codebook and TPMI-based indication method are enhanced to ensure the
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maximum degree of freedom of resource pooling of transmit channels and improve uplink transmission performance,
so as to increase the uplink capacity by using the uplink enhancement solution of transmit channel resource pooling,
enable the uplink precoding codebook and TPMI indication to meet the requirements of transmit channel resource
pooling, and implement flexible and accurate PUSCH scheduling.

[0174] Therefore, embodiments of this application provide the following technical solutions. For specific content of the
technical solutions, refer to the following descriptions.

[0175] The technical solutions provided in embodiments of this application may be applied to various communication
systems, for example, a new radio (new radio, NR) communication system using a 5th generation (5th generation, 5G)
communication technology, a future evolved system, or a plurality of convergent communication systems. The technical
solutions provided in this application may be applied to a plurality of application scenarios, such as machine to machine
(machine to machine, M2M), macro-micro communication, enhanced mobile broadband (enhanced mobile broadband,
eMBB), ultra-reliable & low latency communication (ultra-reliable & low latency communication, uRLLC), massive machine
type communication (massive machine type communication, mMTC), device to device (Device to Device, D2D) com-
munication, vehicle to everything (vehicle to everything, V2X), vehicle to vehicle (Vehicle to Vehicle, V2V), long term
evolution-vehicle (long term evolution-vehicle, LTE-V), long term evolution-machine (long term evolution-machine, LTE-
M). These scenarios may include but are not limited to a scenario of communication between terminal devices, a scenario
of communication between network devices, a scenario of communication between a network device and a terminal
device, and the like. The following provides descriptions by using an example in which the technical solutions are applied
to a scenario of communication between a network device and a terminal device.

[0176] In addition, the network architecture and the service scenario described in embodiments of this application are
intended to describe the technical solutions in embodiments of this application more clearly, and do not constitute a
limitation on the technical solutions provided in embodiments of this application. A person of ordinary skill in the art may
know that: With the evolution of the network architecture and the emergence of new service scenarios, the technical
solutions provided in embodiments of this application are also applicable to similar technical problems.

[0177] FIG. 1 is a schematic diagram of a communication system to which the technical solutions provided in this
application are applicable. The communication system may include one or more network devices 101 (FIG. 1 shows
only one network device) and one or more terminal devices 102 (FIG. 1 shows only one terminal device).

[0178] The network device may be a base station, a base station controller, or the like in wireless communication. The
base station may include various types of base stations, such as a micro base station (also referred to as a small cell),
a macro base station, a relay station, and an access point. This is not specifically limited in this embodiment of this
application. In this embodiment of this application, the base station may be a base transceiver station (base transceiver
station, BTS) in a global system for mobile communications (global system for mobile communications, GSM) or code
division multiple access (code division multiple access, CDMA), a NodeB (NodeB) in wideband code division multiple
access (wideband code division multiple access, WCDMA), an evolved NodeB (evolved NodeB, eNB or e-NodeB) in
long term evolution (long term evolution, LTE), an eNB in the Internet of Things (Internet of Things, loT) or the narrowband
Internet of Things (narrowband Internet of Things, NB-loT), or a base station in a future 5G mobile communication
network or a future evolved public land mobile network (public land mobile network, PLMN). This is not limited in this
embodiment of this application. In this embodiment of this application, an apparatus configured to implement a function
of the network device may be a network device, or may be an apparatus that can support the network device in imple-
menting the function, for example, a chip system. In embodiments of this application, an example in which the apparatus
configured to implement the function of the network device is a network device is used to describe the technical solutions
provided in embodiments of this application.

[0179] In some deployments, the base station may include a centralized unit (centralized unit, CU) and a distributed
unit (Distributed Unit, DU). The base station may further include an active antenna unit (active antenna unit, AAU). The
CU implements some functions of the base station, and the DU implements some functions of the base station. For
example, the CU is responsible for processing a non-real-time protocol and service, and implements functions of a radio
resource control (radio resource control, RRC) layer and a packet data convergence protocol (packet data convergence
protocol, PDCP) layer. The DU is responsible for processing a physical layer protocol and a real-time service, and
implements functions of a radio link control (radio link control, RLC) layer, a media access control (media access control,
MAC) layer, and a physical (physical, PHY) layer. The AAU performs some physical layer processing functions, radio
frequency processing functions, and functions related to active antennas. Information at the RRC layer eventually be-
comes information at the PHY layer, or is converted from the information at the PHY layer. Therefore, in this architecture,
higher layer signaling, for example, RRC layer signaling or PDCP layer signaling, may also be considered as being sent
by the DU or sent by the DU and the AAU. It may be understood that the network device may be a device including one
or more of a CU node, a DU node, and an AAU node. In addition, the CU may be classified as a network device in a
RAN, or the CU may be classified as a network device in a core network (core network, CN). This is not limited herein.
[0180] Theterminalisadevice thathas awireless transceiverfunction. The terminal may be deployed on land, including
an indoor or outdoor device, a handheld device, or a vehicle-mounted device, or may be deployed on a water surface
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(for example, on a ship), or may be deployed in air (for example, on aircraft, a balloon, or a satellite). The terminal device
may be user equipment (user equipment, UE). The UE includes a handheld device, a vehicle, a vehicle-mounted device,
a wearable device, or a computing device that has a wireless communication function. For example, the UE may be a
mobile phone (mobile phone), a tablet computer, or a computer having a wireless transceiver function. Alternatively, the
terminal device may be a virtual reality (virtual reality, VR) terminal device, an augmented reality (augmented reality,
AR) terminal device, a wireless terminal in industrial control, a wireless terminal in self driving, a wireless terminal in
telemedicine, a wireless terminal in a smart grid, a wireless terminal in a smart city (smart city), a wireless terminal in a
smart home (smart home), or the like. In this embodiment of this application, an apparatus for implementing a function
of the terminal may be a terminal, or may be an apparatus that can support the terminal in implementing the function,
for example, a chip system. In this embodiment of this application, the chip system may include a chip, or may include
a chip and another discrete device. In embodiments of this application, an example in which the apparatus configured
to implement the function of the terminal is a terminal is used to describe the technical solutions provided in embodiments
of this application.

[0181] The following describes in detail communication methods provided in embodiments of this application with
reference to FIG. 1.

[0182] FIG. 2 is a flowchart of a communication method according to an embodiment of this application. The method
may be applied to the communication system shown in FIG. 1. A first device may be the terminal device 102 in FIG. 1;
and correspondingly, a second device may be the network device 101 in FIG. 1. As shown in FIG. 2, the method may
include the following steps.

[0183] Step 201: The first device sends a first reference signal of M ports, where M is an integer greater than 2.
[0184] For example, the first reference signal may be an SRS signal; and the M ports may be M SRS ports, and the
M SRS ports are in a one-to-one correspondence with M transmit antenna ports. The first device may send the SRS on
a corresponding time-frequency resource based on the SRS resource configuration. The time-frequency location of the
first reference signal may be configured by the second device. For example, the second device configures M SRS ports
for the first device, which are denoted as SRS ports 0 to M. Correspondingly, the second device configures M transmit
antenna ports for the first device, which are denoted as transmit antenna ports 0 to M. The M SRS ports are in a one-
to-one correspondence with the M transmit antenna ports. To be specific, the SRS port O corresponds to the transmit
antenna port 0, the SRS port 1 corresponds to the transmit antenna port 1, and by analogy, the SRS port M corresponds
to the transmit antenna port M.

[0185] Step 202: The second device receives the first reference signal of the M ports that is sent by the first device.
[0186] Forexample, the second device may receive, on the corresponding time-frequency resource, the SRS sent by
the first device.

[0187] Step 203: The second device determines first indication information based on the first reference signal of the
M ports.

[0188] For example, the second device may measure the SRS to obtain an SRS measurement result. The SRS
measurement result may be uplink channel information of each transmit channel on a carrier corresponding to the
transmit channel. The second device determines the first indication information based on the SRS measurement result.
[0189] The first indication information is used to indicate a first precoding matrix in a target codebook, a quantity of
rows in the first precoding matrix is M, and the first precoding matrix is associated with a first reference signal; for
example, the first precoding matrix is associated with M SRS ports, that is, the first precoding matrix is located in the
target codebook corresponding to the M quantities of SRS ports of. In other words, a transmit antenna port corresponding
to an mth row of the first precoding matrix is a transmit antenna port corresponding to an mth SRS port, where m=1, 2, ..., M.
[0190] For example, the target codebook may be one or more codebooks shown in Table 1 to Table 7, or may be one
or more codebooks shown in Table 8-13 below. For example, when M=3, the target codebook may be one or more
codebooks shown in Table 8 to Table 10. For another example, when M=4, the target codebook may be one or more
codebooks shown in Table 11 to Table 13.

[0191] Forexample, the target codebook may be preconfigured by the first device and the second device, for example,
may be stored in a storage medium or a chip of the first device or the second device before delivery.

[0192] The target codebook includes at least one target precoding matrix, a quantity of rows in the target precoding
matrix may be M, and the first precoding matrix indicated by the first indication information is at least one target precoding
matrix in the precoding codebook of the M ports.

[0193] In a possible implementation, only two rows in a target precoding matrix in the target codebook include non-
zero elements, a quantity of columns in the target precoding matrix is 2, and the target precoding matrix is a partially
coherent precoding matrix. In this case, the target precoding matrix in the target codebook may be used to indicate the
first device to perform layer 2 precoding by using only two of the M ports. The partially coherent precoding matrix is a
precoding matrix in which one column includes more than one and less than M non-zero elements.

[0194] For example, when only two rows in the target precoding matrix include non-zero elements, the two rows in
the target precoding matrix that include the non-zero elements are determined by the matrix [a, b; ¢, d], where a, b, c,
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and d are elements in a set {1/A4, -1/Ay, j/A4, -j/A4}, j is an imaginary unit, and A, is a positive constant. Optionally, the
two rows in the target precoding matrix that include non-zero elements each have any row location in the target precoding
matrix.

[0195] In a possible implementation, only three rows in a precoding matrix in the target codebook include non-zero
elements, and the target precoding matrix is a partially coherent precoding matrix or a coherent precoding matrix. In this
case, the first precoding matrix may be used to indicate the first device to use only three of the M ports to perform
precoding; and the coherent precoding matrix is a precoding moment in which all columns include M non-zero elements.
[0196] For example, when only three rows in the target precoding matrix include non-zero elements, the non-zero
elements are elements in {1/A,, ei73/A,, el2W3/A,, -1/A,, -e2T/3IA,, -e3/A,}, where j is an imaginary unit, and A, is a
positive constant. Optionally, the three rows in the target precoding matrix that include non-zero elements each have
any row location in the target precoding matrix.

[0197] In a possible implementation, only K rows in a target precoding matrix in the target codebook include non-zero
elements, where K is an integer less than M and not less than 4, and the target precoding matrix is a partially coherent
precoding matrix. In this case, the target precoding matrix may be used to indicate the first device to perform precoding
by using only K ports of the M ports.

[0198] Forexample, when only K rows in the target precoding matrix include non-zero elements, the non-zero elements
are elements in {elk7K/Az}, where k=0, 1, 2, ..., K-1, j is an imaginary unit, and A is a positive constant. Optionally, the
K rows in the target precoding matrix that include the non-zero elements each may have any row location.

[0199] In apossible implementation, a waveform to which the target precoding matrix is applicable may include a DFT-
s-OFDM waveform, a CP-OFDM waveform, or another waveform. For example, a DFT-s-OFDM waveform may be used
in a power-limited scenario, and the waveform supports data transmission with a maximum of a single flow, and a single
carrier feature is ensured. A cyclic prefix CP-OFDM waveform may be used in a resource-limited scenario, and the
waveform supports single-flow or multi-flow data transmission, to improve spectral efficiency of a communication system.
[0200] In a possible implementation, the target codebook may be in a form of a precoding matrix table, the precoding
matrix table includes at least one target precoding matrix, and each target precoding matrix is indicated by one TPMI index.
[0201] In a possible implementation, the first indication information may include indication information of a quantity of
precoding layers and/or indication information of a first TPMI, where the quantity of precoding layers is used to determine
a target codebook, and the first TPMI is an index of the first precoding matrix in the target codebook, that is, the index
of the first precoding matrix used as the target precoding matrix, in the target codebook. Optionally, the quantity of
precoding layers and the first TPMI may be carried in a same field or different fields. For example, the second device
determines the first precoding matrix based on the SRS measurement result, where the quantity of precoding layers is
a quantity of columns in the first precoding matrix, the target codebook is a codebook corresponding to the quantity of
precoding layers, and the first TPMI is an index of the first precoding matrix in the target codebook, so as to determine
the first indication information.

[0202] For example, when the quantity of columns in the target precoding matrix is greater than 1, any two columns
in the target precoding matrix are orthogonal column vectors.

[0203] Step 204: The second device sends the first indication information to the first device.

[0204] Forexample, the second device may send, to the first device, the indication information indicating the first TPMI
and/or the quantity of precoding layers. Optionally, one field may be used to indicate the first TPMI, and the other field
indicates the quantity of precoding layers. Alternatively, one field may be sent to jointly indicate the first TPMI and the
quantity of precoding layers. For example, a precoding information and a quantity of precoding layers (precoding infor-
mation and a quantity of precoding layers) field in the DCI may be used, and this field may occupy six bits, different bit
values of the six bits indicate the first TPMI and the quantity of precoding layers. For example, the 000000 indicates that
the first TPMI is 0 and the quantity of precoding layers is 1; the 000001 indicates that the first TPMI is 1 and the quantity
of precoding layers is 1; and 011001 indicates that the first TPMI is 2 and the quantity of precoding layers is 3.

[0205] Step 205: The first device receives the first indication information.

[0206] Forexample, the first device may receive the indication information indicating the first TPMI and/or the quantity
of precoding layers. Further, the first device may determine the quantity of transmit antenna ports based on the quantity
of SRS ports in the SRS resource configuration, then determine a target codebook (for example, a precoding matrix
table) based on the quantity of corresponding transmit antenna ports and the quantity of precoding layers, and finally
determine the first precoding matrix in the target codebook by using the first TPMI.

[0207] In this embodiment of this application, for an uplink enhancement solution of transmit channel resource pooling
of a terminal device, a target codebook of M ports may be supported, and the first indication information is used to
indicate a first precoding matrix in the target codebook, so that a plurality of transmit channels can be selected from the
M transmit channels for uplink transmission. This ensures a maximum degree of freedom of uplink transmit channel
resource pooling, and improves uplink transmission performance.

[0208] The following describes the communication method in FIG. 2 by using an example in which M is 3.

[0209] FIG. 3 is a flowchart of another communication method according to an embodiment of this application. The
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method may be applied to the communication system shown in FIG. 1. A first device may be the terminal device 102 in
FIG. 1; and correspondingly, a second device may be the network device 101 in FIG. 1. As shown in FIG. 3, the method
may include the following steps.

[0210] Step 301: A first device sends a first reference signal of three ports.

[0211] For example, the first reference signal may be an SRS signal; the three ports may be three SRS ports, and the
three SRS ports correspond to three transmit antenna ports; and a time-frequency location of the first reference signal
of the three ports may be configured by a second device.

[0212] Step 302: The second device receives the first reference signal of the three ports that is sent by the first device.
[0213] For example, the second device may receive, on the corresponding time-frequency resource, the SRS sent by
the first device.

[0214] Step 303: The second device determines first indication information based on the first reference signal of the
three ports.

[0215] For example, the second device may measure the SRS to obtain an SRS measurement result. The SRS
measurement result may be uplink channel information of three transmit channels on carriers corresponding to the three
transmit channels. The second device determines the firstindication information based on the SRS measurement result.
[0216] The first indication information is used to indicate a first precoding matrix in a target codebook, and the first
precoding matrix is associated with the first reference signal of the three ports. The target codebook includes at least
one target precoding matrix, and a quantity of rows in the target precoding matrix may be 3. In other words, the target
codebook is a 3-port precoding codebook. The first precoding matrix indicated by the first indication information is at
least one target precoding matrix in the 3-port precoding codebook.

[0217] To meet an uplink enhancement requirement for transmit channel resource pooling of the terminal device, this
embodiment of this application provides a 3-port precoding codebook.

[0218] In some examples, in the 3-port precoding codebook, a quantity of columns in the target precoding matrix is
2, only two rows in the target precoding matrix include non-zero elements, and the target precoding matrix is a partially
coherent precoding matrix. In this case, the target precoding matrix may be used to indicate the first device to perform
precoding by using two of the three ports.

[0219] For example, non-zero rows (that is, two rows including non-zero elements) of the target precoding matrix are
determined by [a1, b1; c1, d1], where a1, b1, ¢1, and d1 are elements in {1/A, -1/A4, j/A4, -j/A4}, j is an imaginary unit,
and A, is a positive constant representing a factor for normalizing a precoding vector power in the codebook. The two
rows in the target precoding matrix that include the non-zero elements each may have any row location. For example,
any two columns in the target precoding matrix are orthogonal column vectors.

al bl a1 b1 0 0
c1 d1 al bl
cl di
[0220] The target precoding matrix may be represented as Cl d1 , where a1, b1, c1,

and d1 are elements in {1/A4, -1/A,/A; -j/A4}..
[0221] For example, when A, is 2, a1, b1, c1, and d1 are elements in {1/2, -1/2, j/2, -j/2}, and the target precoding

matrix may be:
) 1 1 L 1 1 . 1 1 . 1 1 . 0O O . 0 O
_[1 _1:|,_|:J _J:|,_|:O 0 :|,_|:0 0:|,_|:1 1 :|,_|:1 1:|’
2 2 2 2. |2 2. .
0 O 0 0 1 -1 ] ) 1 -1 ] )
or the like.

[0222] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

[0223] In some examples, in the 3-port precoding codebook, three rows in the target precoding matrix include non-
zero elements, and the target precoding matrix is a partially coherent precoding matrix or a coherent precoding matrix.
The coherent precoding matrix is a precoding matrix in which all columns include three non-zero elements. In this case,
the target precoding matrix may be used to indicate the first device to perform precoding by using all of the three ports.
[0224] For example, the non-zero element in the target precoding matrix is an element in {1/A,, €73/ A,, ei2m/3/A,,
-1/A,, -ei23]IA,, -eim3/A, }, where jis an imaginary unit, and A, is a positive constant representing a factor for normalizing
a precoding vector power in a codebook. The three rows in the target precoding matrix that include the non-zero elements
each may have any row location. For example, any two columns in the target precoding matrix are orthogonal column
vectors.
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[0225] In the 3-port precoding codebook, when the quantity of columns in the target precoding matrix is 2, the target

a2 b2
c2 d2
precoding matrix may be represented as €2 f2 , Where at least one of a2 and b2 is a non-zero element, at least
one of c2 and d2 is a non-zero element, and at least one of e2 and 2 is a non-zero element. When any one of a2, b2,

c2, d2, e2 and f2 is a non-zero element, the non-zero element is an element in {1/A,,ei"3/A,, el273/A,, -1/ A,, -ei2m/3 |A,,
-eTTBIA).

V3

in zm
[0226] For example when A, is ,that is, the non-zero element is an element in {1/‘/5’ e3/\/§, € /\/§

-1/V3, —ejon/\/g, —ej?n/\/g}

, the target precoding matrix may be:

1[1 O] L [1 O] L [0 1] L [0 1]
—=|1 0f, =|0 1{,—=]|1 O|,—=|1 0],
\/501 \/51 0\/510\/51 0
or the like.

[0227] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

[0228] For example when A, is \Q , that is, the non-zero element is an element in /6, &5 /6. 5 /e ,
j2m jm
—1/V6, —e= /V6, —€3/V6} , the target precoding matrix may be:

1 1
1 _ejTr/3 ,

1 ejZTr/3

Blls

or the like.

[0229] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices or coherent precoding matrices.

[0230] In the 3-port precoding codebook, when the quantity of columns in the target precoding matrix is 3, the target

a3 b3 c3
[d3 e3 f3]
precoding matrix may be represented as g3 h3 k3 , Where at least one of a3, b3, and c3 is a non-zero element,

at least one of d3, €3, and f3 is a non-zero element, and at least one of g3, h3, and k3 is a non-zero element. When any
one of a3, b3, ¢3, d3, e3, f3, g3, h3, and k3 is a non-zero element, the non-zero element is an element in {1/A,, eJ'“/Az,

ei2TI3A,, ~1/A,, -€i2T/3|A,, -eiT/3/A ).

jm j2m
o (1/VB &3 /V3, e/

[0231] For example, when A, is \/§ , that is, the non-zero element is an element i

jzn in
V3,-1/3,-e3 /v3,—e3 /V/3} , the target precoding matrix may be:

[1 ! 0] [ ]
0 1 0f,

0 0 1 &

or the like.

[0232] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.
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i jem
[0233] For example when A, is V6 , that is, the non-zero element is an element in (1/V6, e3/V6, €3 /V6,~1/

j2m in
V6,—e3/V6, —e3/\/6} , the target precoding matrix may be:

1[1 1 O] 1[1 1 O]
—=(1 -1 0|, =|]1 -1 0]
\/30 0 1 \/gO 0 -1

or the like.

[0234] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

i j2m
f 3 3 —
[0235] For example when A, is 3, that is, the non-zero element is an element in {1/3, e3/3, e3/3, —1/3 ,

jen i
—e3 /3, —€3/3} ihe target precoding matrix may be:

1 1 1
L1 —gm3 g |

3 . .
1 e]ZT[/3 e]ZT[/3

or the like.

[0236] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
and the listed target precoding matrices are partially coherent precoding matrices.

[0237] Forexample, the target codebook is a 3-port precoding codebook, as shown in Table 8 to Table 10. Wrepresents
target precoding matrices, each row in each target precoding matrix corresponds to one transmit antenna port, and each
column corresponds to one transmission layer; and one TPMI index corresponds to one target precoding matrix.

Table 8 Precoding matrix table for layer 1 transmission using three antenna ports

TPMlindex | W
|:1:| |:O_ |:0:| 1 -1_ 1 | 11_ 1 |:1:| 1 _1_ 1 _1_
0-7 0 1 0 Ak A —=|J =7 | &0
0 0l 1 2lo] | V2lo V2| an V2 4]
1 (1) 1'(1) 1 (1) 1'(1" 1[0] 1 (1’ 1'(1)' 1'1'
8-15 = - - - —|1 — — =
2 ) B2 ) 2 1) VP i 1 ) B 2 ) O R e I YA Y
16 ! 10
-~ —|a
V3 b0
[0238] The codebook in Table 8 includes a target precoding matrix for layer 1 transmission using three antenna ports.

a0 and b0 are elements in {1, ei™/3, ei2n/3, -1, -gi2n/3, _gin/3},

Table 9 Precoding matrix table for layer 2 transmission using three antenna ports

TPMIindex | W
1[3 (1’] 1[3 3] 1[3 i’] 1[" O]
0-3 — — — —[1 o
VZlp o V2{p 1 VZl; o 2|y 1
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(continued)
TPMI index | W
al bl al bl 0 0 a2 b2
4-~ [cl dl] 0 0 [al bl] c2 d2
0 0 cl di cl d1 e2 f2

[0239] The codebook in Table 9 includes a target precoding matrix for layer 2 transmission using three antenna ports,
where a1, b1, c1, and d1 are elements in {1/A4, -1/A;, jIA4, -i/A4}, where at least one of a2 and b2 is a non-zero element,
at least one of c2 and d2 is a non-zero element, and at least one of e2 and f2 is a non-zero element. When any one of
a2, b2, c2, d2, e2, or 2 is a non-zero element, the non-zero element is an element in {1/A,, eiF/3/A,, ei2i3/A,, -1/A,,
_@'2n/3/A2, -ej“/3/A2}.

Table 10 Precoding matrix table for layer 3 transmission using three antenna ports
TPMI index w

a3 b3 c3
0-~ [d3 e3 f3]

g3 h3 k3

[0240] The codebook in Table 10 includes a target precoding matrix for layer 3 transmission using three antenna ports,
where at least one of a3, b3, and, c3 is a non-zero element, at least one of d3, e3, and f3 is a non-zero element, and at
least one of g3, h3, and k3 is a non-zero element. When any one of a3, b3, c3, d3, e3, f3, g3, h3, and k3 is a non-zero
element, the non-zero elements are elements in {1/A,, ei™3 /A,, ei2T3/A,, -1/A,, -ei2/3|A,, -elm3] AL}

[0241] It should be noted that forms of the target precoding matrices in Table 8 to Table 10 and index values corre-
sponding to the target precoding matrices are merely examples. This is not limited in this embodiment of this application.
In addition, the precoding matrix tables of the codebooks in Table 8 to Table 10 are applicable to a CP-OFDM waveform,
a DFT-s-OFDM waveform, and the like. The waveform to which the target precoding matrix table is applicable is not
limited in this embodiment of this application.

[0242] For example, any two columns in the target precoding matrix in Table 9 and Table 10 are orthogonal column
vectors.

[0243] Inapossibleimplementation, the firstindication information includes indication information of a first TPMI and/or
indication information of a quantity of precoding layers. The quantity of precoding layers is used to determine a target
codebook, that is, determine that a precoding matrix table in Table 8, Table 9, or Table 10 is the target codebook. The
first TPMI is an index of the first precoding matrix in the target codebook. For example, the second device determines,

L 1 0

¥
based on the SRS measurement result, that the first precoding matrix is 0 1) and determines that the quantity
of precoding layers of the first precoding matrix is 2. In this case, a codebook for layer 2 transmission using three ports
(that is, the precoding matrix table shown in Table 9) is the target codebook, and an index value of the first precoding

L 1 0

%
matrix 0 1 inthe precoding matrix table shown in Table 9 is 1, and then it is determined that the first TPMl is 1.
[0244] Step 304: The second device sends the first indication information to the first device.
[0245] In this step, the second device may send, to the first device, indication information indicating the first TPMI
and/or the quantity of precoding layers. For example, one field may be sent to jointly indicate that the first TPMl is 1 and
the quantity of precoding layers is 2; or two fields may be sent, where one field indicates that the first TPMI is 1, and the
other field indicates that the quantity of precoding layers is 2.
[0246] Step 305: The first device receives the first indication information.
[0247] Forexample, the first device may receive the indication information indicating the first TPMI and/or the quantity
of precoding layers. Further, the first device may determine, based on the three SRS ports in the SRS resource config-
uration, that the quantity of transmit antenna ports is 3, then determine the precoding matrix table based on the three
transmit antenna ports and the quantity of precoding layers, and finally determine, based on the first TPMI, the first
precoding matrix in the precoding matrix table. For example, the first indication information indicates that the quantity
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of precoding layers is 2, and the index value indicated by the first TPMI is 1. A codebook for layer 2 transmission using
three ports (as shown in Table 9) may be searched, to determine that the first precoding matrix corresponding to the

L 1 0

i
index value 1 is 0 1,
[0248] In this embodiment of this application, for an uplink enhancement solution of transmit channel resource pooling
of the terminal device, a 3-port precoding codebook is designed, and the first indication information is used to indicate
the first precoding matrix in the 3-port precoding codebook, so that uplink transmission on a maximum of three transmit
channels on a same carrier can be supported. This ensures a maximum degree of freedom of uplink transmit channel
resource pooling, and improves uplink transmission performance.
[0249] The following describes the communication method in FIG. 2 by using an example in which M is 4.
[0250] FIG. 4 is a flowchart of another communication method according to an embodiment of this application. The
method may be applied to the communication system shown in FIG. 1. A first device may be the terminal device 102 in
FIG. 1; and correspondingly, a second device may be the network device 101 in FIG. 1. As shown in FIG. 4, the method
may include the following steps.
[0251] Step 401: The first device sends a first reference signal of four ports.
[0252] For example, the first reference signal may be an SRS signal; the four ports may be four SRS ports, and the
four SRS ports correspond to four transmit antenna ports. A time-frequency location of the first reference signal of the
four ports may be configured by the second device.
[0253] Step 402: The second device receives the first reference signal of the four ports that is sent by the first device.
[0254] For example, the second device may receive, on the corresponding time-frequency resource, the SRS sent by
the first device.
[0255] Step 403: The second device determines first indication information based on the first reference signal of the
four ports.
[0256] For example, the second device may measure the SRS to obtain an SRS measurement result. The SRS
measurement result may be uplink channel information of the four transmit channels on carriers corresponding to the
four transmit channels. The second device determines the first indication information based on the SRS measurement
result.
[0257] The first indication information is used to indicate a first precoding matrix in a target codebook, and the first
precoding matrix is associated with the first reference signal of four ports. The target codebook includes at least one
target precoding matrix, and a quantity of rows in the target precoding matrix may be 4. In other words, the target
codebook is a 4-port precoding codebook, for example, may be an extended 4-port precoding matrix table. The first
precoding matrix indicated by the first indication information is at least one target precoding matrix in the 4-port precoding
codebook.
[0258] To meet an uplink enhancement requirement for transmit channel resource pooling of a terminal device, this
embodiment of this application provides a 4-port precoding codebook obtained after a 4-port codebook is extended. The
extended 4-port precoding codebook includes a 2-port codebook of any 2-port combination and a 3-port codebook of
any 3-port combination. Each carrier may indicate a codebook including one port, two ports, three ports, or four ports
by using an extended 4-port TPMI.
[0259] For example, a quantity of SRS ports configured by the second device is 4, and a quantity of antenna ports to
be scheduled for sending data (for example, a PUSCH) is 2. When a quantity of transmission layers is 1 or a quantity
of transmission layers is 2 and a partially coherent precoding matrix is used, a 4-port precoding codebook needs to be
extended, so that the 4-port precoding codebook includes a 2-port codebook of any 2-port combination. For example,
there are four antenna ports 0 to 3 for the first device, the four SRS ports are configured for the second device, and two
antenna ports need to be scheduled for sending data, for example, antenna ports 0 and 1. If a precoding matrix for layer

1
L1
1 [1] vz |0
1 transmission and data sending is V2111 3 4-port layer 1 codebook should include 0 ; or if a precoding matrix
L
. oozl -1 .
for layer 2 transmission and data sending is , a 4-port layer 2 codebook should include
1 1
i1 -1
210 0
0 O
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[0260] In some examples, in the extended 4-port precoding codebook, the target precoding matrix has two columns,
the target precoding matrix has only two rows that include non-zero elements, and the target precoding matrix is a
partially coherent precoding matrix. In this case, the target precoding matrix may be used to indicate the first device to
perform precoding by using two of the four ports.

[0261] For example, non-zero rows (that is, two rows including non-zero elements) of the target precoding matrix are
determined by [a4, b4; c4, d4], where a4, b4, c4, d4 are elements in {1/A,, -1/Ay, /A4, -j/A4}, j is an imaginary unit, and
A, is a positive constant. The two rows in the target precoding matrix that include the non-zero elements each may have
any row location. For example, any two columns in the target precoding matrix are orthogonal column vectors.

a4 b4 a4 b4 a4 b4
c4 d4
c4 d4 !

c4 d4
[0262] The target precoding matrix may be represented as

a4 b4 a4 b4
c4 d4’ ot ba
C4 d4 ¢4 A4 \ihere a4, b4, o4, and d4 are elements in { 1/A;, ~1/Aq, J/A;-j/AL} .

[0263] For example, when A, is 2, a4, b4, c4, and d4 are elements in {1/2, -1/2, j/2, -j/2}, and the target precoding
matrix may be:

1 1 1 1 1 1 0 0 0 0 0 0
1l1 —1| (0 ofz1lo o] zfr 1fz12]l0 o] 1|1 1
2|0 0 |'2|j —jl’z|l0 o |'z|j —jl'z|r 1[z|0 O}

0 0 0 0 1 -1 0 0 1 -1 oo

or the like.

[0264] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

[0265] For example, the quantity of SRS ports configured by the second device is 4, and the quantity of antenna ports
to be scheduled for sending data (for example, a PUSCH) is 3. A 4-port precoding codebook needs to be extended, so
that the 4-port precoding codebook includes a 3-port codebook of any 3-port combination. For example, the first device
has four antenna ports 0 to 3, the quantity of SRS ports configured for the second device is 3 or 4, and the quantity of
antenna ports to be scheduled for sending data is 3, for example, antenna ports 0, 1, and 3. If the precoding matrix for

1
11
V3|0
layer 1 transmission and data sending is 11 | a 4-port layer 1 codebook should include 17 if the precoding
. 1 1
= __aiT/3
Ve 1 ejin/3
matrix for layer 2 transmission and data sending is , a 4-port layer 2 codebook should include
1 1
111 —ein/3 1 1 1
=10 0 1 —gms g3
1 ei2n/3 ) ) ) o . 1 ei2n/3  gi2n/3
; or if the precoding matrix for layer 3 transmission and data sending is ,a4-
1 1 1
1|1 _ejT[/3 ejT[/3
310 0 0

port layer 3 codebook should include -1 ezm/3  el2m/3

[0266] In some examples, in the extended 4-port precoding codebook, only three rows in the target precoding matrix
include non-zero elements, and the target precoding matrix is a partially coherent precoding matrix. In this case, the
target precoding matrix may be used to indicate the first device to perform precoding by using three of the four ports.

[0267] For example, the non-zero element in the target precoding matrix is an element in {1/A,, ei™3/ A,, el2"/3/A,,
-1/A,, -el273[A,, -ei™3/A,}, where | is an imaginary unit, and A, is a positive constant. The three rows in the target
precoding matrix that include the non-zero elements each may have any row location. For example, any two columns
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in the target precoding matrix are orthogonal column vectors.
[0268] In the 4-port precoding codebook, when the quantity of columns in the target precoding matrix is 2, the target

a5 b5 rab bb a5 b5

c5 d5 c5 d5 a5 b5
e5 ’ c5 d5 ’ c5 d5

precoding matrix may be represented as , where at least one of a5 and b5

is a non-zero element, at least one of ¢5 and d5 is a non-zero element, and at least one of €5 and f5 is a non-zero
element. When any one of a5, b5, ¢5, d5, e5 and f5 is a non-zero element, the non-zero element is an element in {1/A,,

ei3IA,, ei2TI3A,,-1/A,,-el2T3A, 6T/ A},

jn j2m
2 (IVE €53, €53

[0269] For example when A, is V3 , that is, the non-zero element is an element i

j2m in
—1/V3, —e3/V3, —e3/V3} , the target precoding matrix may be:

or the like.

[0270] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

in jom
[0271] For example when A, is ‘/8 , that is, the non-zero element is an element in {1/\/3, 93/\/8, €3 /\/6 ,

1 1
11 —e™3
jzn jn ﬁ 1 ei2n/3
—1/V6, —e5 /6, —e3/V6} , the target precoding matrix may be: 0 0
1 1
11 —e™3
ﬁ 1 e2n/3 |
0 0

or the like.

[0272] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

[0273] In the 4-port precoding codebook, when the quantity of columns in the target precoding matrix is 3, the target

a6 b6 a6 b6 a6 b6
e6 eb a6 b6 c
’ ’ g6 h6 k6 ’ eb

. . g6 h6 k6 g6 h6 k6 g6 hé k6
precoding matrix may be represented as , Where

at least one of a6, b6, and c6 is a non-zero element, at least one of d6, €6, and f6 is a non-zero element, and at least
one of g6, h6, and k6 is a non-zero element. When any one of a6, b6, c6, d6, €6, f6, g6, h6, and k6 is a non-zero element,
the non-zero element is an element in {1/A,, ei"3/A,, ei273 |A,, -1/A,, -el27/3 |A,, -ei3/A ).

V3 (1/V3, S /V3, €5 /V3

[0274] For example when A, is sthat is, the non-zero element is an element in

-1/V3, —ejon/\/g,

i
e /\/§} , the target precoding matrix may be:
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100
1l0 0 0
501 0
001

, or the like.

[0275] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

jm j2m
( jn j2m
[0276] For example, when A, is \/E sthat is, the non-zero element is an element in ‘1/\/6’ e3/\/€, es/

j2n In
V6,-1/v6,—e 2 /V6,—e3 /V6} , the target precoding matrix may be:

1 1 0 1 1 0
1|1 -1 o] 21f1 -1 o0

zl0 0o o[ %o o of
0 0 1 0 0 -1

or the like.

[0277] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
any two columns in the listed target precoding matrices are orthogonal column vectors; and the listed target precoding
matrices are partially coherent precoding matrices.

jm j2m
£1/3, €3/3, 3,—-1
[0278] For example, when A, is 3, that is, the non-zero element is an element in 1/3,e3/3, e/ /

jom jm
31 —e3 31 —e3 3 . .
e/ es/3} , the target precoding matrix may be:

1 1 1

1 _ejT[/3 ejT[/3

1 ej21'r/3 ej21'r/3 >
0 0 0

§ or the like.

[0279] It may be understood that the listed target precoding matrices are merely examples, and are not exhaustive;
and the listed target precoding matrices are partially coherent precoding matrices.

[0280] For example, the target codebook is an extended 4-port precoding matrix table, as shown in Table 11 to Table
13 below. W represent precoding matrices, each row in each target precoding matrix corresponds to one transmit antenna
port, and each column corresponds to one transmission layer; and one TPMI index corresponds to one target precoding
matrix.
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[0281] The codebook in Table 11 includes an extended precoding matrix table for layer 1 transmission using four
antenna ports. In the table, precoding matrices whose indexes are 28 to 43 are extended when one layer of data is
actually transmitted by using two antenna ports, so that locations of two antenna ports actually used by the data are not
limited. The last four matrices in the table are example target precoding matrices when the quantity of antenna ports to
be scheduled for sending data is 3 and the quantity of transmission layers is 1, where values of a0 and b0 may be

{1, e]'T[/3’ ejZT[/3,_1,_ej2T[/3, _ej1'r/3}>

Table 12 Extended precoding matrix table for layer 2 transmission using four antenna ports

TPMlindex | W
1 0 1 0 1 0 0 0
0.3 110 1 110 0 110 © 11 o0
210 0 210 1 210 0 210 1
0 0 0 0 0 1 0 0
0 0 0 0 1 0 1 0
7 1 1 0 110 0 110 1 110 1
200 0 201 0 211 o0 211 0
0 1 0 1 0 —j 0 J
1 0 1 0 1 0] 1 0
0 1
611 1 1o 1 110 1 1[0 1
21—7 0 21— 0 21-1 0 21-1 0
0 1 0 -1 0 -] 0 J
1 0 1 0 1 1] 1 1
0 1 0 1
1215 1 1° Lt L.
20j 0 21j 0O W21 -1 W27 =)
0 1 0 -1 1 —1] j =7
1 1 1 1 1 1 1 1
16.19 1|7 7 1 Jj j 1 (-1 =1 1 |-1 -1
2W2[1 -1 W2 - W21 -1 W2 i -
o= -1 1 -1 1 -7
11 1 1 1 17 1 17
S 1 -
1 |—J —J 1 |=7 —J D )
20-23 —_— — 0 0 5
W2l 1 -1 W2 - 2 2100
0 0 0 0
- g 1 -1 i
1 1 ) 1 1 1-1 17 1 1
1lo o 0 0 0 0 1lo o
24-27 = =1|; - Py 5
2l1 -1 2i - 210 0 2100
0 0 0 0 L1 -1 [j —il
) 0 0 . 0 0 ) 0 0 1'0 0
I 1 11 1 11 1 211
28-31 511 -1 2l 5 2[00 210 0
0 0 0 0 1 -1 ] i
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(continued)
TPMlindex | W
00 0 0 a5 b5 a5 b5
Ilo o 1lo o c5 d5 c5 d5
32-35 2l1 1 Sl 1 e5 f5 0 0
1 -1 i - 0 0 e5 f5
a5 b5 0 0
B 0 0 a5 b5
36 5 ds 5 d5
e5 5 e5 f5

[0282] The codebook in Table 12 includes a target precoding matrix for layer 2 transmission using four antenna ports.
The precoding matrices whose indexes are 22 to 33 in the table are extensions during actual use of layer 2 data
transmission using two antenna ports, so that a location of an antenna port used for sending data is not limited, and the
two antenna ports that are actually used can be used for coherent precoding. The last four matrices in the table are
example target precoding matrices when the quantity of actually used antenna ports to be scheduled for sending data
is 3 and the quantity of transmission layers is 2, where at least one of a5 and b5 is a non-zero element, at least one of
c5 and d5 is a non-zero element, and at least one of €5 and f5 is a non-zero element. When a5, b5, ¢5, d5, e5, orf5 is
a non-zero element, the non-zero element is an element in{1/A,, ei3/A,, el23/A,, -1/A,, AJ}.
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[0283] The codebook in Table 13 includes a target precoding matrix for layer 3 transmission using four antenna ports.
The last four matrices in the table are examples of precoding matrices when a quantity of actually used antenna ports
to be scheduled for sending data is 3 and a quantity of transmission layers is 3. At least one of a6, b6, and c6 is a non-
zero element, at least one of d6, €6, and f6 is a non-zero element, and at least one of g6, h6, and k6 is a non-zero
element. When any one of a6, b6, c6, d6, e6, f6, g6, h6 and k6 is a non-zero element, the non-zero element is an element
in {1/A,, e3/A,, ei2t3 [A,, -1IA,, -e 1213 [A,, -eTTI3 A},

[0284] It should be noted that forms of the target precoding matrices in Table 11 to Table 13 and index values corre-
sponding to the target precoding matrices are merely examples. This is not limited in this embodiment of this application.
In this embodiment of this application, a waveform to which the target precoding matrix table is applicable is not limited.
[0285] For example, any two columns in the target precoding matrix in Table 12 and Table 13 are orthogonal column
vectors.

[0286] Inapossible implementation, the firstindication information includes indication information of a first TPMI and/or
indication information of a quantity of precoding layers. For example, the second device determines, based on the SRS

1 00
1o 10
20-1 0 0

0 0 1

measurement result, that the first precoding matrix is , and determines that the quantity of precoding
layers of the first precoding matrix is 3. In this case, a codebook for layer 3 transmission using four ports (that is, the
precoding matrix table shown in Table 13) is the target codebook, and the index value of the first precoding matrix

1 0 0
1o 10
21-1 0 0

0 01

in the target precoding matrix table shown in Table 13 is 2, and then it is determined that the first TPMI is 2.
[0287] Step 404: The second device sends the first indication information to the first device.
[0288] In this step, the second device may send, to the first device, the indication information indicating the first TPMI
and/or the quantity of precoding layers. For example, one field may be sent to jointly indicate that the first TPMl is 2 and
the quantity of precoding layers is 3; or two fields may be sent, where one field indicates that the first TPMI is 2, and the
other field indicates that the quantity of precoding layers is 3.
[0289] Step 405: The first device receives the first indication information.
[0290] Forexample, the first device may receive the indication information indicating the first TPMI and/or the quantity
of precoding layers. Further, the first device may determine, based on the four SRS ports in the SRS resource config-
uration, that the quantity of transmit antenna ports is 4, then determine a target codebook (for example, a precoding
matrix table) based on the four transmit antenna ports and the quantity of precoding layers, and finally determine the
first precoding matrix in the precoding matrix table by using the first TPMI. For example, the first indication information
indicates that the quantity of precoding layers is 3, and the index value indicated by the first TPMI is 2. A codebook for
layer 3 transmission using four ports (as shown in Table 13) may be searched, to determine that the first precoding

1 00
1o 10
20-1 0 0

0 0 1

matrix corresponding to the index value 2 is .

[0291] In this embodiment of this application, for an uplink enhancement solution of transmit channel resource pooling
of a terminal device, a 4-port codebook is extended, so that the 4-port codebook includes a 2-port codebook of any 2-
port combination and a 3-port codebook of any 3-port combination. The first indication information is used to indicate a
first precoding matrix in the extended 4-port codebook. In this way, each carrier indicates a 2-port, 3-port, or 4-port
codebook by using an extended 4-port TPMI, so that uplink transmission on a maximum of three transmit channels on
a same carrier can be supported. In this way, the maximum degree of freedom of resource pooling of uplink transmit
channels is ensured, and uplink transmission performance is improved.

[0292] FIG. 5 is a flowchart of another communication method according to an embodiment of this application. The
method may be applied to the communication system shown in FIG. 1. A first device may be the terminal device 102 in
FIG. 1; and correspondingly, a second device may be the network device 101 in FIG. 1. As shown in FIG. 5, the method
may include the following steps.

[0293] Step 501: The first device sends a first reference signal of M ports, where M is an integer greater than 2.
[0294] For example, the first reference signal may be an SRS, and the M ports may be M SRS ports. The M SRS
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ports are in a one-to-one correspondence with the M transmit antenna ports. The first device may send the SRS on a
corresponding time-frequency resource based on the SRS resource configuration. The time-frequency location of the
first reference signal may be configured by the second device.

[0295] Step 502: The second device receives the first reference signal of the M ports that is sent by the first device.
[0296] For example, the second device may receive, on the corresponding time-frequency resource, the SRS sent by
the first device.

[0297] Step 503: The second device determines second indication information based on the first reference signal of
the M ports.

[0298] For example, the second device may measure the SRS to obtain an SRS measurement result. The SRS
measurement result may be uplink channel information of each transmit channel on a carrier corresponding to the
transmit channel. The second device determines the second indication information based on the SRS measurement
result.

[0299] The second indication information is used to indicate N of the M ports and a second precoding matrix in the
target codebook, the second precoding matrix is associated with the N ports, a quantity of rows in the second precoding
matrix is N, and N is a positive integer less than M. For example, the second precoding matrix is associated with the N
SRS ports, that is, the second precoding matrix is located in the target codebook corresponding to the N SRS ports.
The N ports are associated with antenna ports that are actually used by the first device to send data.

[0300] The target codebook includes at least one target precoding matrix, a quantity of rows in the target precoding
matrix may be N, and the target precoding matrix does not include a row in which all elements are 0. The second
precoding matrix indicated by the second indication information is at least one target precoding matrix in the precoding
codebook of the N ports. A non-zero element included in the target precoding matrix is an element in fein®”N/A} where
n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive constant.

[0301] For example, when the quantity of columns in the target precoding matrix is greater than 1, any two columns
in the target precoding matrix are orthogonal column vectors.

[0302] For example, a waveform to which the target precoding matrix is applicable may include a DFT-s-OFDM
waveform, a CP-OFDM waveform, or another waveform. For example, a DFT-s-OFDM waveform may be used in a
power-limited scenario, and the waveform supports data transmission with a maximum of a single flow, and a single
carrier feature is ensured. A cyclic prefix CP-OFDM waveform may be used in a resource-limited scenario, and the
waveform supports single-flow or multi-flow data transmission, to improve spectral efficiency of a communication system.
[0303] In a possible implementation, the second indication information may include indication information of a port
bitmap, and the port bitmap is used to indicate N of the M ports; when each bit in the port bitmap is 0, it indicates that
a corresponding port of the M ports of the first reference signal is not used, and when each bit in the port bitmap is 1, it
indicates that a corresponding port of the M ports of the first reference signal is used; or when each bit in the port bitmap
is 1, it indicates that a corresponding port of the M ports of the first reference signal is not used, and when each bit in
the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal is used.

[0304] In a possible implementation, the second indication information may include indication information of a port
indication vector, the port indication vector is used to indicate N of the M ports, and an ith element in the port indication
vector represents one of the M ports of the first reference signal corresponding to an ith row in the second precoding matrix.
[0305] In a possible implementation, the second indication information may further include indication information of a
quantity of precoding layers and/or indication information of a second TPMI, where the quantity of precoding layers is
used to determine a target codebook (for example, a precoding matrix table), and the second TPMI is an index of the
second precoding matrix in the target codebook. Optionally, the quantity of precoding layers and the second TPMI may
be carried in a same field or different fields.

[0306] Step 504: The second device sends second indication information to the first device.

[0307] For example, the second device may send, to the first device, the indication information indicating the second
TPMI, the precoding layer quantity, and the port bitmap. Optionally, the second TPMI, the precoding layer quantity, and
the port bitmap may be carried in a same field. Alternatively, the second device may send, to the first device, the indication
information indicating the second TPMI, the precoding layer quantity, and the port indication vector. Optionally, the
second TPMI, the precoding layer quantity, and the port indication vector may be carried in a same field. For example,
a precoding information and a quantity of precoding layers (a precoding information and a quantity of precoding layers)
field in the DCI may be used to indicate the first TPMI, the quantity of precoding layers, and the port indication vector.
For example, the field may occupy eight bits, and different bit values of the eight bits indicate the second TPMI, the
quantity of precoding layers, and the port indication vector. For example, 00000000 indicates that the second TPMI is

1
0, the quantity of precoding layers is 1, and the port indication vector is [2] ; and 00011001 indicates that the first TPMI
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0

:
is 2, the quantity of precoding layers is 3, and the port indication vector is 21
[0308] Step 505: The first device receives the second indication information.
[0309] For example, the first device may receive the indication information indicating the second TPMI, the quantity
of precoding layers, and the port bitmap. Further, the first device may determine the precoding matrix table based on
the port bitmap and the quantity of precoding layers, determine, based on the second TPMI, the second precoding matrix
in the precoding matrix table, and determine, based on the port bitmap, the transmit antenna port corresponding to each
row in the second precoding matrix.
[0310] For example, the first device may receive the indication information indicating the second TPMI, the quantity
of precoding layers, and the port indication vector. Further, the first device may determine the precoding matrix table
based on the port indication vector and the quantity of precoding layers, determine, based on the second TPMI, the
second precoding matrix in the precoding matrix table, and determine, based on the port indication vector, the transmit
antenna port corresponding to each row in the second precoding matrix.
[0311] In this embodiment of this application, when the quantity M of reference signal ports configured by the second
device for the first device is greater than N, the second device schedules, based on the reference signal measurement
result, N antenna ports for the first device to send data, and performs TPMI indication by using a codebook corresponding
to the quantity of antenna ports. In addition, an indication of "antenna port selection" is added, so that the TPMI-based
indication method meets the requirement for transmit channel resource pooling, thereby ensuring a maximum degree
of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0312] The following describes the communication method in FIG. 5 by using an example in which N is 3.
[0313] FIG. 6 is a flowchart of another communication method according to an embodiment of this application. The
method may be applied to the communication system shown in FIG. 1. A first device may be the terminal device 102 in
FIG. 1; and correspondingly, a second device may be the network device 101 in FIG. 1. As shown in FIG. 6, the method
may include the following steps.
[0314] Step 601: The first device sends a first reference signal of M ports, where M is an integer greater than 2. Step
602: The second device receives the first reference signal of the M ports that is sent by the first device.
[0315] Step 603: The second device determines second indication information based on the first reference signal.
[0316] The second indication information is used to indicate three of the M ports and a second precoding matrix in a
target codebook, and a quantity of rows in the second precoding matrix is 3. The second precoding matrix is associated
with the three ports, and the three ports are associated with antenna ports actually used by the first device to send data.
[0317] The target codebook includes at least one target precoding matrix, a quantity of rows in the target precoding
matrix is 3, and the target precoding matrix does not include a row in which all elements are 0. The second precoding
matrix indicated by the second indication information is atleast one of the target precoding matrices in the target codebook.
A non-zero element included in the target precoding matrix is an element in {ei"™3/A}, where n=0, 1, 2, j is an imaginary
unit, and A is a positive constant.
[0318] For example, when the quantity of columns in the target precoding matrix is greater than 1, any two columns
in the target precoding matrix are orthogonal column vectors.
[0319] For example, when M=4, that is, the first reference signal is a first reference signal of four ports, the target
codebook may be a 3-port codebook shown in Table 8 to Table 10.
[0320] In a possible implementation, the second indication information may include indication information of a port
bitmap, and the port bitmap is used to indicate three of the M ports.
[0321] For example, when M=4, the second device configures four SRS ports 0 to 3 for the first device. It is assumed
that when the first device sends the SRS, the four SRS ports are respectively associated with four antenna ports of the
first device. The second device schedules, based on an SRS measurement result, the antenna ports corresponding to
three SRS ports 0, 1, and 2 for the first device to send data. The second device indicates antenna port selection by using
a port bitmap. For example, the port bitmap [1,1,1,0] indicates that antenna ports associated with the three SRS ports
0, 1, and 2 are selected, and the three antenna ports are antenna ports used for sending data; the first row in the
precoding matrix corresponds to the SRS port 0, the second row in the precoding matrix corresponds to the SRS port
1, and the third row in the precoding matrix corresponds to the SRS port 2; and the first row in the precoding matrix
corresponds to the antenna port associated with the SRS port 0, the second row in the precoding matrix corresponds
to the antenna port associated with the SRS port 1, and the third row in the precoding matrix corresponds to the antenna
port associated with the SRS port 2.
[0322] In a possible implementation, the second indication information may include indication information of a port
indication vector, the port indication vector indicates three of the M ports, and an ith element in the port indication vector
indicates one of the M ports of the first reference signal corresponding to an ith row in the first precoding matrix.
[0323] For example, when M=4, the second device configures four SRS ports 0 to 3 for the first device. It is assumed
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that when the first device sends the SRS, the four SRS ports respectively correspond to four antenna ports of the first
device. The second device schedules, based on the SRS measurement result, the antenna ports corresponding to three
SRS ports 0, 1, and 2 for the first device to send data. Selection of an antenna port is indicated by using a port indication

0

;
vector. For example, the port indication vector 21 indicates that antenna ports associated with the three SRS ports 0,
1, and 2 are selected, and the three antenna ports are antenna ports used for sending data; the first row in the precoding
matrix corresponds to the SRS port 0, the second row in the precoding matrix corresponds to the SRS port 1, and the
third row in the precoding matrix corresponds to the SRS port 2; and the first row in the precoding matrix corresponds
to the antenna port associated with the SRS port 0, the second row in the precoding matrix corresponds to the antenna
port associated with the SRS port 1, and the third row in the precoding matrix corresponds to the antenna port associated
with the SRS port 2.
[0324] In a possible implementation, the second indication information may further include indication information of a
second TPMI and/or indication information of a quantity of precoding layers, where the quantity of precoding layers is
used to determine a target codebook, and the second TPMI is an index of the second precoding matrix in the target

L 1

|
codebook. For example, when M=4, the second precoding matrix determined by the second device is 11, the quantity
of precoding layers is 1, and it is determined, based on the codebook for layer 1 transmission using three ports in Table
8, that the second TPMl is 15.
[0325] Step 604: The second device sends second indication information to the first device.
[0326] For example, the second device may send, to the first device, information indicating the second TPMI, the

L 1

= [1
quantity of precoding layers, and the port bitmap. For example, when M=4, the second precoding matrix is 1 and
three antenna ports associated with the SRS ports 0, 1, and 2 are selected as antenna ports, the quantity of precoding
layers is 1, the index value of the second TPMI is 15, and the port bitmap is [1,1,1,0].

[0327] For example, the second device may send, to the first device, information indicating the second TPMI, the
quantity of precoding layers, and the port indication vector. For example, when M=4, the second precoding matrix is

) 1

41

1 , and three antenna ports associated with the SRS ports 0, 1, and 2 are selected as antenna ports, the quantity
of precoding layers is 1, the index value of the second TPMI is 15, and the port indication vector is [0,1,2]
[0328] Step 605: The first device receives the second indication information.
[0329] Forexample, the first device may receive the information indicating the second TPMI, the quantity of precoding
layers, and the port bitmap, or receive the information indicating the second TPMI, the quantity of precoding layers, and
the port indication vector. Further, the first device may search for the second precoding matrix based on the quantity of
precoding layers and the second TPMI, and determine three of the M ports based on the port bitmap or the port indication
vector.
[0330] For example, when M=4, the second indication information indicates that the quantity of precoding layers is 2,

0
the index value of the second TPMlI is 15, and the port indication vector is 24 The first device determines, based on

0

s
the quantity 2 of precoding layers and the indication vector 2 , that the precoding matrix table is a precoding matrix
for layer 2 transmission using three antenna ports, that is, Table 9; determines, based on the index value 15 of the

i

L 1

NG 1
that the first row in 1 corresponds to the antenna port associated with the SRS port 0, the second row corresponds
to the antenna port associated with the SRS port 1, and the third row corresponds to the antenna port associated with

L 1
7 1
second TPMI, that the second precoding matrix is 1 ; and determines, based on the port indication vector
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the SRS port 2.

[0331] For specific content of the steps in FIG. 6, refer to related descriptions in FIG. 5. Details are not described
herein again.

[0332] In this embodiment of this application, when the quantity M of reference signal ports configured by the second
device for the first device is greater than 3, the second device schedules, based on the reference signal measurement
result, three antenna ports for the first device to send data, and performs TPMI indication by using a codebook corre-
sponding to the quantity of antenna ports. In addition, an indication of "antenna port selection" is added, so that the
TPMI-based indication method meets the requirement for transmit channel resource pooling, thereby ensuring a maxi-
mum degree of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.
[0333] The following describes the communication method in FIG. 5 by using an example in which N is 2.

[0334] FIG. 7 is a flowchart of a communication method according to an embodiment of this application. The method
may be applied to the communication system shown in FIG. 1. A first device may be the terminal device 102 in FIG. 1;
and correspondingly, a second device may be the network device 101 in FIG. 1. As shown in FIG. 7, the method may
include the following steps.

[0335] Step 701: The first device sends a first reference signal of M ports, where M is an integer greater than 2.
[0336] Step 702: The second device receives the first reference signal of the M ports that is sent by the first device.
[0337] Step 703: The second device determines second indication information based on the first reference signal.
[0338] The second indication information is used to indicate two of the M ports and a second precoding matrix in a
target codebook, and a quantity of rows in the second precoding matrix is 2. The second precoding matrix is associated
with the two ports, and the two ports are associated with antenna ports actually used by the first device to send data.
[0339] The target codebook includes at least one target precoding matrix, a quantity of rows in the target precoding
matrix may be 2, and the target precoding matrix does not include a row in which all elements are 0. The second precoding
matrix indicated by the second indication information is atleast one of the target precoding matrices in the target codebook.
A non-zero element included in the target precoding matrix is an element in {eiN"2/A}, where n=0, 1, j is an imaginary
unit, and A is a positive constant.

[0340] For example, when the quantity of columns in the target precoding matrix is greater than 1, any two columns
in the target precoding matrix are orthogonal column vectors.

[0341] For example, when M=4 or M=3, that is, when the first reference signal is a first reference signal of four ports,
the target codebook may be a 2-port codebook shown in Table 1 and Table 2. Details are not described herein again.
[0342] In apossible implementation, the second indication information may include a port bitmap, and the port bitmap
is used to indicate two of the M ports.

[0343] For example, when M=3, the second device configures three SRS ports 0 to 2 for the first device. It is assumed
that when the first device sends the SRS, the three SRS ports are respectively associated with three antenna ports of
the first device. The second device schedules, based on an SRS measurement result, the antenna ports corresponding
to two SRS ports 0 and 1 for the first device to send data. The second device indicates antenna port selection by using
a port bitmap. For example, the port bitmap [1,1,0] indicates that antenna ports associated with the two SRS ports 0
and 1 are selected, and the two antenna ports are antenna ports used for sending data; the first row in the precoding
matrix corresponds to the SRS port 0, and the second row in the precoding matrix corresponds to the SRS port 1; and
the first row in the precoding matrix corresponds to the antenna port associated with the SRS port 0, and the second
row in the precoding matrix corresponds to the antenna port associated with the SRS port 1.

[0344] For another example, when M=4, the second device configures four SRS ports 0 to 3 for the first device. It is
assumed that when the first device sends the SRS, the four SRS ports are respectively associated with four antenna
ports of the first device. The second device schedules, based on an SRS measurement result, the antenna ports cor-
responding to the two SRS ports 0 and 1 for the first device to send data. The second device indicates antenna port
selection by using a port bitmap. For example, the port bitmap [1,1,0,0] indicates that antenna ports associated with the
two SRS ports 0 and 1 are selected, and the two antenna ports are antenna ports used for sending data; the first row
in the precoding matrix corresponds to the SRS port 0, and the second row in the precoding matrix corresponds to the
SRS port 1; and the first row in the precoding matrix corresponds to the antenna port associated with the SRS port 0,
and the second row in the precoding matrix corresponds to the antenna port associated with the SRS port 1.

[0345] In a possible implementation, the second indication information may include a port indication vector, the port
indication vector is used to indicate two of the M ports, and an it" element in the port indication vector represents one
of the M ports of the first reference signal corresponding to an ith row in the first precoding matrix.

[0346] For example, when M=4, the second device configures four SRS ports 0 to 3 for the first device. It is assumed
that when the first device sends the SRS, the four SRS ports respectively correspond to four antenna ports of the first
device. The second device schedules, based on an SRS measurement result, the antenna ports corresponding to two
SRS ports 1 and 2 for the first device to send data. The second device indicates antenna port selection by using a port
indication vector. For example the port indication vector [2] indicates that antenna ports associated with the two SRS
ports 1 and 2 are selected, and the two antenna ports are antenna ports used for sending data; the first row in the
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precoding matrix corresponds to the SRS port 1, and the second row in the precoding matrix corresponds to the SRS
port 2; and the first row in the precoding matrix corresponds to the antenna port associated with the SRS port 1, and
the second row in the precoding matrix corresponds to the antenna port associated with the SRS port 2.

[0347] In a possible implementation, the second indication information may further include indication information of a
second TPMI and/or indication information of a quantity of precoding layers, where the quantity of precoding layers is
used to determine a target codebook, and the second TPMI is an index of the second precoding matrix in the target

1 {1 1 }
codebook. For example, when M=4, the second precoding matrix determined by the second device is z|b -l ,and
the quantity of precoding layers is 2, and it is determined, based on the codebook for layer 2 transmission using two
ports in Table 2, that the index value of the second TPMI is 1.

[0348] Step 704: The second device sends second indication information to the first device.
[0349] For example, the second device may send, to the first device, information indicating the second TPMI, the

quantity of precoding layers, and the port bitmap. For example, when M=4, the second precoding matrix is 211 -1

, and two antenna ports associated with the SRS ports 0 and 1 are selected, the quantity of precoding layers is 2, the
index value of the second TPMl is 1, and the port bitmap is [1,1,0,0].

[0350] For example, the second device may send the second TPMI, the quantity of precoding layers, and the port

1

indication vector to the first device. For example, when M=4, the second precoding matrix is 211 -1 ,and two antenna

ports associated with the SRS ports 1 and 2 are selected, the quantity of precoding layers is 2, the index value of the

1
second TPMI is 1, and the port indication vector is [2] .
[0351] Step 705: The first device receives the second indication information.
[0352] Forexample, the first device may receive the information indicating the second TPMI, the quantity of precoding
layers, and the port bitmap, or receive the information indicating the second TPMI, the quantity of precoding layers, and
the port indication vector. Further, the first device may search for the second precoding matrix based on the quantity of
precoding layers and the second TPMI, and determine two of the M ports based on the port bitmap or the port indication
vector.
[0353] For example, when M=4, the quantity of precoding layers in the second precoding matrix is 2, the index value

1
of the second TPMI is 1, and the port indication vector is [2] . The first device determines, based on the quantity 2

1
precoding layers and the indication vector [2] , that the precoding matrix table is a precoding matrix for layer 2 transmission
using two antenna ports, that is, Table 2; determines, based on the index value 1 of the second TPMI, that the second

1 {1 1 } 1 {1 1 }
. 21 -1 . . 21 -1
precoding matrix is ; and determines, based on the port indication vector [2], that the first row in
corresponds to the antenna port associated with the SRS port 1, and the second row corresponds to the antenna port
associated with the SRS port 2.

[0354] For specific content of the steps in FIG. 7, refer to related descriptions in FIG. 5. Details are not described
herein again.

[0355] In this embodiment of this application, when the quantity M of reference signal ports configured by the second
device for the first device is greater than 2, the second device schedules, based on the reference signal measurement
result, two antenna ports for the first device to send data, and performs TPMI indication by using a codebook corresponding
to the quantity of antenna ports. In addition, an indication of "antenna port selection" is added, so that the TPMI-based
indication method meets the requirement for transmit channel resource pooling, thereby ensuring a maximum degree
of freedom of uplink transmit channel resource pooling, and improving uplink transmission performance.

[0356] Basedonasame inventive concept as the foregoing communication method, an embodiment of this application
further provides a communication apparatus.

[0357] FIG. 8is adiagram of a structure of a communication apparatus according to an embodiment of this application.
As shown in FIG. 8, the apparatus may include a first module 801 and a second module 802.

[0358] In some embodiments, the first module 801 is configured to send a first reference signal of M ports, where M
is an integer greater than 2; and the second module 802 is configured to receive first indication information, where the
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first indication information is used to indicate a first precoding matrix in a target codebook, the first precoding matrix is
associated with the first reference signal, the target codebook includes at least one target precoding matrix, and a quantity
of rows in the target precoding matrix is M; where the target precoding matrix has only two rows that include non-zero
elements, the target precoding matrix has two columns, and the target precoding matrix is a partially coherent precoding
matrix; or the target precoding matrix has only three rows that include non-zero elements, and the target precoding
matrix is a partially coherent precoding matrix or a coherent precoding matrix; or the target precoding matrix has only
K rows that include non-zero elements, K is an integer less than M and not less than 4, and the target precoding matrix
is a partially coherent precoding matrix.

[0359] In a possible implementation, the partially coherent precoding matrix is a precoding matrix in which one column
includes more than one and less than M non-zero elements, and the coherent precoding matrix is a precoding matrix
in which all columns include M non-zero elements.

[0360] In a possible implementation, the first indication information includes indication information of a first TPMI, and
the first TPMI is an index of the first precoding matrix in the target codebook.

[0361] In a possible implementation, when only two rows in the target precoding matrix include non-zero elements,
the two rows in the target precoding matrix that include the non-zero elements are determined by [a, b; c, d], and a, b,
¢, and d are elements in {1/A{, -1/A4, jIA4, -j/A4}, where j is an imaginary unit, and A, is a positive constant.

[0362] In a possible implementation, when only two rows in the target precoding matrix include non-zero elements,
the two rows in the target precoding matrix that include non-zero elements each may have any row location in the target
precoding matrix, and a matrix formed by the two rows in the target precoding matrix that include non-zero elements is
[a, b; c, d].

[0363] In a possible implementation, when only three rows in the target precoding matrix include non-zero elements,
the non-zero elements are elements in {1/A,, el"3/A,, el2/3]A,, -1/A,, -ei2m/3/A,, -ei2t3/AL}, j is an imaginary unit, A, is
a positive constant, and the three rows in the target precoding matrix that include the non-zero elements each may have
any row location.

[0364] In a possible implementation, when only K rows in the target precoding matrix include non-zero elements, the
non-zero elements are elements in {ek@K/Aj}, where k=0, 1, 2, ..., K-1, j is an imaginary unit, A; is a positive constant,
and the K rows in the target precoding matrix that include the non-zero elements each may have any row location..
[0365] In a possible implementation, when the quantity of columns in the target precoding matrix is greater than 1,
any two columns in the target precoding matrix are orthogonal column vectors.

[0366] In a possible implementation, a waveform to which the target precoding matrix is applicable includes a DFT-
s-OFDM waveform or a CP-OFDM waveform.

[0367] In this embodiment of this application, for an uplink enhancement solution of transmit channel resource pooling
of the terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the first
indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a plurality
of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a maximum
degree of freedom of uplink transmit channel resource pooling and improving uplink transmission performance.

[0368] In some other embodiments, the first module 801 is configured to send a first reference signal of M ports, where
M is an integer greater than 2; and the second module 802 is configured to receive second indication information, where
the second indication information is used to indicate N of the M ports and a second precoding matrix in a target codebook,
the second precoding matrix is associated with the N ports, a quantity of rows in the second precoding matrix is N, and
N is a positive integer less than or equal to M.

[0369] In a possible implementation, the target codebook includes at least one target precoding matrix, a quantity of
rows in the target precoding matrix is N, and the target precoding matrix does notinclude a row in which all elements are 0.
[0370] In a possible implementation, the second indication information includes indication information of a second
TPMI, and the second TPMI is an index of the second precoding matrix in the target codebook.

[0371] In apossible implementation, elements included in the target precoding matrix are elements in {ein™N/A}, where
n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive constant.

[0372] In a possible implementation, the second indication information includes indication information of a port bitmap,
and the port bitmap is used to indicate N of the M ports; when each bit in the port bitmap is 0, it indicates that a
corresponding port of the M ports of the first reference signal is not used, and when each bit in the port bitmap is 1, it
indicates that a corresponding port of the M ports of the first reference signal is used; or when each bit in the port bitmap
is 1, it indicates that a corresponding port of the M ports of the first reference signal is not used, and when each bit in
the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal is used; or the second
indication information includes indication information of a port indication vector, the port indication vector is used to
indicate N of the M ports, and an it element in the port indication vector represents one of the M ports of the first reference
signal corresponding to an ith row in the second precoding matrix.

[0373] In a possible implementation, when the quantity of columns in the target precoding matrix is greater than 1,
any two columns in the target precoding matrix are orthogonal column vectors.
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[0374] In a possible implementation, a waveform to which the target precoding matrix is applicable includes a DFT-
s-OFDM waveform or a CP-OFDM waveform.

[0375] In this embodiment of this application, when the quantity M of reference signal ports configured by the second
device for the first device is greater than N (M is an integer greater than 2), the second device schedules, based on a
measurement result of the first reference signal, N antenna ports for the first device to send data, and performs precoding
matrix indication by using a codebook corresponding to the quantity of antenna ports, and adds an indication of "antenna
port selection", so that the precoding matrix indication method meets the requirement for transmit channel resource
pooling, thereby ensuring a maximum degree of freedom of uplink transmit channel resource pooling, and improving
uplink transmission performance.

[0376] FIG.9is adiagram of a structure of a communication apparatus according to an embodiment of this application.
As shown in FIG. 9, the apparatus may include a third module 901 and a fourth module 902.

[0377] In some embodiments, the third module 901 is configured to: receive, by a second device, a first reference
signal of M ports, where M is an integer greater than 2; and the fourth module 902 is configured to send first indication
information, where the first indication information is used to indicate a first precoding matrix in a target codebook, the
first precoding matrix is associated with the first reference signal, the target codebook includes at least one target
precoding matrix, and a quantity of rows in the target precoding matrix is M; where the target precoding matrix has only
two rows that include non-zero elements, the target precoding matrix has two columns, and the target precoding matrix
is a partially coherent precoding matrix; or the target precoding matrix has only three rows that include non-zero elements,
and the target precoding matrix is a partially coherent precoding matrix or a coherent precoding matrix; or the target
precoding matrix has only K rows that include non-zero elements, K is an integer less than M and not less than 4, and
the target precoding matrix is a partially coherent precoding matrix.

[0378] In a possible implementation, the partially coherent precoding matrix is a precoding matrix in which one column
includes more than one and less than M non-zero elements, and the coherent precoding matrix is a precoding matrix
in which all columns include M non-zero elements.

[0379] In a possible implementation, the first indication information includes indication information of a first TPMI, and
the first TPMI is an index of the first precoding matrix in the target codebook.

[0380] In a possible implementation, when only two rows in the target precoding matrix include non-zero elements,
the two rows in the target precoding matrix that include the non-zero elements are determined by [a, b; c, d], and a, b,
¢, and d are elements in {1/A4, -1/Ay, j/A,, -j/A,}, where j is an imaginary unit, and A, is a positive constant.

[0381] In a possible implementation, the two rows in the target precoding matrix that include non-zero elements each
may have any row location in the target precoding matrix, and a matrix formed by the two rows in the target precoding
matrix that include non-zero elements is [a, b; c, d].

[0382] In a possible implementation, when only three rows in the target precoding matrix include non-zero elements,
the non-zero elements are elements in {1/A,, eiv/3/A,, ei2t/3 [A,, -1/A,,-el2T3]A,, -ei3/A,}) j is an imaginary unit, A, is a
positive constant, and the three rows in the target precoding matrix that include the non-zero elements each may have
any row location.

[0383] In a possible implementation, when only K rows in the target precoding matrix include non-zero elements, the
non-zero elements are elements in {ek™K/A}, where k=0, 1, 2, ..., K-1, j is an imaginary unit, A; is a positive constant,
and the K rows in the target precoding matrix that include the non-zero elements each may have any row location.
[0384] In a possible implementation, when the quantity of columns in the target precoding matrix is greater than 1,
any two columns in the target precoding matrix are orthogonal column vectors.

[0385] In a possible implementation, a waveform to which the target precoding matrix is applicable includes a DFT-
s-OFDM waveform or a CP-OFDM waveform.

[0386] In this embodiment of this application, for an uplink enhancement solution of transmit channel resource pooling
of the terminal device, a target codebook of M (M is an integer greater than 2) ports may be supported, and the first
indication information is used to indicate a first precoding matrix in the target codebook of the M ports, so that a plurality
of transmit channels can be selected from the M transmit channels for uplink transmission, thereby ensuring a maximum
degree of freedom of uplink transmit channel resource pooling and improving uplink transmission performance.
[0387] In some other embodiments, the third module 901 is configured to receive a first reference signal of M ports,
where M is an integer greater than 2; and the fourth module 902 is configured to send by the second device, second
indication information, where the second indication informationis used to indicate N of the M ports and a second precoding
matrix in a target codebook, the second precoding matrix is associated with the N ports, a quantity of rows in the second
precoding matrix is N, and N is a positive integer less than or equal to M.

[0388] In a possible implementation, the target codebook includes at least one target precoding matrix, a quantity of
rows in the target precoding matrix is N, and the target precoding matrix does notinclude a row in which all elements are 0.
[0389] In a possible implementation, the second indication information includes indication information of a second
TPMI, and the second TPMI is an index of the second precoding matrix in the target codebook.

[0390] In a possible implementation, elements included in the target precoding matrix are elements in {ein™/N/A}, where
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n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive constant.

[0391] In a possible implementation, the second indication information includes indication information of a port bitmap,
and the port bitmap is used to indicate N of the M ports; when each bit in the port bitmap is 0, it indicates that a
corresponding port of the M ports of the first reference signal is not used, and when each bit in the port bitmap is 1, it
indicates that a corresponding port of the M ports of the first reference signal is used; or when each bit in the port bitmap
is 1, it indicates that a corresponding port of the M ports of the first reference signal is not used, and when each bit in
the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal is used; or the second
indication information includes indication information of a port indication vector, the port indication vector is used to
indicate N of the M ports, and an it element in the port indication vector represents one of the M ports of the first reference
signal corresponding to an ith row in the second precoding matrix.

[0392] In a possible implementation, when the quantity of columns in the target precoding matrix is greater than 1,
any two columns in the target precoding matrix are orthogonal column vectors.

[0393] In a possible implementation, a waveform to which the target precoding matrix is applicable includes a DFT-
s-OFDM waveform or a CP-OFDM waveform.

[0394] In this embodiment of this application, when the quantity M of reference signal ports configured by the second
device for the first device is greater than N (M is an integer greater than 2), the second device schedules, based on a
measurement result of the first reference signal, N antenna ports for the first device to send data, and performs precoding
matrix indication by using a codebook corresponding to the quantity of antenna ports, and adds an indication of "antenna
port selection”, so that the precoding matrix indication method meets the requirement for transmit channel resource
pooling, thereby ensuring a maximum degree of freedom of uplink transmit channel resource pooling, and improving
uplink transmission performance.

[0395] For various possible implementations or descriptions of the foregoing embodiment, refer to the foregoing de-
scriptions. Details are not described herein again.

[0396] An embodiment of this application further provides a communication system. The communication system in-
cludes the first device and the second device according to any one of the foregoing embodiments. The first device is
configured to perform any one of the technical solutions shown in FIG. 2 to FIG. 7, and the second device is configured
to perform any one of the technical solutions shown in FIG. 2 to FIG. 7.

[0397] FIG. 10is a schematic diagram of a structure of a terminal device according to an embodiment of this application.
As shown in FIG. 10, the communication apparatus may include at least one processor 3001, a communication line
3002, a memory 3003, and at least one communication interface 3004.

[0398] The processor 3001 may be a general-purpose central processing unit (central processing unit, CPU), a mi-
croprocessor, an application-specific integrated circuit (application-specific integrated circuit, ASIC), or one or more
integrated circuits for controlling program execution of the solutions of this application.

[0399] The communication line 3002 may include a path for transmitting information between the foregoing compo-
nents.

[0400] The communication interface 3004 is any apparatus such as a transceiver, and configured to communicate
with another device or communication network such as the Ethernet, a RAN, or a wireless local area network (wireless
local area network, WLAN).

[0401] The memory 3003 may be a read-only memory (read-only memory, ROM), another type of static storage device
that can store static information and instructions, a random access memory (random access memory, RAM), or another
type of dynamic storage device that can store information and instructions; or may be an electrically erasable program-
mable read-only memory (electrically erasable programmable read-only memory, EEPROM), a compact disc read-only
memory (compact disc read-only memory, CD-ROM), another compact disc storage, an optical disc storage (including
a compact disc, a laser disc, an optical disc, a digital versatile disc, a Blu-ray disc, and the like), a magnetic disk storage
medium, another magnetic storage device, or any other medium that can carry or store expected program code in a
form of an instruction or a data structure and that can be accessed by a computer, but is not limited thereto. The memory
may exist independently, and is connected to the processor through the communication line 3002. Alternatively, the
memory may be integrated with the processor. Usually, the memory provided in this embodiment of this application may
be a non-volatile memory. The memory 3003 is configured to store computer executable instructions for executing the
solutions of this application, and the processor 3001 controls the execution. The processor 3001 is configured to execute
the computer executable instructions stored in the memory 3003, to implement the methods provided in the foregoing
embodiments of this application.

[0402] Optionally, the computer executable instructions in this embodiment of this application may also be referred to
as application code. This is not specifically limited in this embodiment of this application.

[0403] During specific implementation, in an embodiment, the processor 3001 may include one or more CPUs such
as a CPUO and a CPU1 in FIG. 10.

[0404] During specific implementation, in an embodiment, the communication apparatus may include a plurality of
processors such as the processor 3001 and a processor 3007 in FIG. 10. Each of these processors may be a single-
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core (single-CPU) processor or a multi-core (multi-CPU) processor. The processor herein may be one or more devices,
circuits, and/or processing cores configured to process data (for example, computer program instructions).

[0405] During specificimplementation, in an embodiment, the communication apparatus may further include an output
device 3005 and an input device 3006. The output device 3005 communicates with the processor 3001, and may display
information in a plurality of manners. For example, the output device 3005 may be a liquid crystal display (liquid crystal
display, LCD), a light emitting diode (light emitting diode, LED) display device, a cathode ray tube (cathode ray tube,
CRT) display device, a projector (projector), or the like. The input device 3006 communicates with the processor 3001,
and may receive an input of a user in a plurality of manners. For example, the input device 3006 may be a mouse, a
keyboard, a touchscreen device, or a sensing device.

[0406] In an example, with reference to the communication apparatus shown in FIG. 10, the first module 801 in FIG.
8 may be implemented by the communication interface 3004 and/or the processor 3001 in FIG. 10, and the second
module 802 in FIG. 8 may be implemented by the communication interface 3004 and/or the processor 3001 in FIG. 10.
This is not limited in this embodiment of this application.

[0407] FIG. 11isaschematic diagram of a structure of a network device according to an embodiment of this application.
As shown in FIG. 11, the communication apparatus may include at least one processor 3101, a communication line
3102, a memory 3103, and at least one communication interface 3104.

[0408] The processor 3101 may be a general-purpose central processing unit, a microprocessor, an application-
specific integrated circuit, or one or more integrated circuits for controlling program execution of the solutions of this
application.

[0409] The communication line 3102 may include a path for transmitting information between the foregoing compo-
nents.

[0410] The communication interface 3104 is configured to communicate with another device or a communication
network, such as Ethernet, a RAN, or a wireless local area network, by using any apparatus such as a transceiver.
[0411] The memory 3103 may be a read-only memory or another type of static storage device that can store static
information and instructions; or a random access memory or another type of dynamic storage device that can store
information and instructions. The memory may alternatively be an electrically erasable programmable read-only memory,
a compact disc read-only memory or another compact disc storage, optical disc storage (including a compact disc, a
laser disc, an optical disc, a digital versatile disc, a Blu-ray disc, and the like), a magnetic disk storage medium or another
magnetic storage device, or any other medium that can be used to carry or store expected program code in a form of
an instruction or a data structure and that is accessible by a computer, but is not limited thereto. The memory may exist
independently, and is connected to the processor through the communication line 3102. Alternatively, the memory may
be integrated with the processor. Usually, the memory provided in this embodiment of this application may be a non-
volatile memory. The memory 3103 is configured to store computer executable instructions for executing the solutions
of this application, and the processor 3101 controls the execution. The processor 3101 is configured to execute the
computer executable instructions stored in the memory 3103, to implement the methods provided in the foregoing
embodiments of this application.

[0412] Optionally, the computer executable instructions in this embodiment of this application may also be referred to
as application code. This is not specifically limited in this embodiment of this application.

[0413] During specific implementation, in an embodiment, the processor 3101 may include one or more CPUs such
as a CPUO and a CPU1 in FIG. 11.

[0414] During specific implementation, in an embodiment, the communication apparatus may include a plurality of
processors such as the processor 3101 and a processor 3107 in FIG. 11. Each of the processors may be a single-core
processor, or may be a multi-core processor. The processor herein may be one or more devices, circuits, and/or process-
ing cores configured to process data (for example, computer program instructions).

[0415] During specificimplementation, in an embodiment, the communication apparatus may further include an output
device 3105 and an input device 3106. The output device 3105 communicates with the processor 3101, and may display
information in a plurality of manners. For example, the output device 3105 may be a liquid crystal display, a light emitting
diode display device, a cathode-ray tube display device, or a projector. The input device 3106 communicates with the
processor 3101, and may receive an input of a user in a plurality of manners. For example, the input device 3106 may
be a mouse, a keyboard, a touchscreen device, or a sensing device.

[0416] In an example, with reference to the communication apparatus shown in FIG. 11, the third module 901 in FIG.
9 may be implemented by the communication interface 3104 and/or the processor 3101 in FIG. 11, and the fourth module
9012 in FIG. 9 may be implemented by the communication interface 3104 and/or the processor 3101 in FIG. 11. This
is not limited in this embodiment of this application.

[0417] FIG. 12 is a schematic diagram of a structure of a chip according to an embodiment of this application. As
shownin FIG. 12, the chip shownin FIG. 12 may be a general-purpose processor, or may be a special-purpose processor.
The chip includes a processor 3201. The processor 3201 is configured to support the communication apparatus in
executing the technical solution shown in any one of FIG. 2 to FIG. 7.
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[0418] Optionally, the chip further includes a transceiver 3202. The transceiver 3202 is configured to accept control
of the processor 3201, and is configured to support the communication apparatus in executing the foregoing technical
solutions. For example, the communication apparatus may perform the method shown in any one of FIG. 2 to FIG. 7.
[0419] Optionally, the chip shown in FIG. 12 may further include a storage medium 3203. For example, the codebooks
in Table 1 to Table 13 may be stored in the storage medium 3203.

[0420] It should be noted that the chip shown in FIG. 12 may be implemented by using the following circuit or device:
one or more field programmable gate arrays (field programmable gate array, FPGA), a programmable logic device
(programmabile logic device, PLD), a controller, a state machine, gate logic, a discrete hardware component, any other
appropriate circuit, or any combination of circuits that can perform various functions described in this application.
[0421] Anembodiment of this application provides a non-volatile computer-readable storage medium, where the stor-
age medium stores computer program instructions. When the computer program instructions are executed by a processor,
the foregoing technical solution is implemented, for example, the method shown in any one of FIG. 2 to FIG. 7 may be
performed.

[0422] An embodiment of this application provides a computer program product, including computer-readable code
or a non-volatile computer-readable storage medium carrying computer-readable code. When the computer-readable
code is run in a processor of an electronic device, the processor in the electronic device performs the foregoing technical
solution, for example, the method shown in any one of FIG. 2 to FIG. 7 may be performed.

[0423] The computer-readable storage medium can be a tangible device that can retain and store instructions for use
by an instruction execution device. The computer-readable storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an optical storage device, an electromagnetic storage device,
a semiconductor storage device, or any suitable combination of the foregoing.

[0424] The computer-readable program instructions described herein may be downloaded from the computer-readable
storage medium to respective computing/processing devices or to an external computer or external storage device
through a network such as the Internet, a local area network, a wide area network, and/or a wireless network. The
network may include a copper transmission cable, optical fiber transmission, wireless transmission, a router, a firewall,
a switch, a gateway computer and/or an edge server. A network adapter card or network interface in each comput-
ing/processing device receives the computer-readable program instructions from the network and forwards the computer-
readable program instructions for storage in a computer-readable storage medium in each computing/processing device.
[0425] The computer program instructions used to perform operations in this application may be assembly instructions,
instruction set architecture (Instruction Set Architecture, ISA) instructions, machine instructions, machine-related instruc-
tions, microcode, firmware instructions, status setting data, or source code or target code written in one or any combination
of more than one of programming languages. The programming languages include an object-oriented programming
language such as Smalltalk and C++, and a conventional procedural programming language such as a "C" language
or a similar programming language. The computer-readable program instructions may be executed entirely on a user
computer, partly on the user computer, as a stand-alone software package, partly on the user computer and partly on
a remote computer, or entirely on the remote computer or a server. When a remote computer is used, the remote
computer may be connected to a user computer through any type of network, including a local area network (Local Area
Network, LAN) or a wide area network (Wide Area Network, WAN), or may be connected to an external computer (for
example, connected by using an Internet service provider through the Internet). In some embodiments, an electronic
circuit, for example, a programmable logic circuit, a field programmable gate array (Field Programmable Gate Array,
FPGA), or a programmable logic array (Programmable Logic Array, PLA), is customized by using status information of
the computer-readable program instructions. The electronic circuit may execute the computer-readable program instruc-
tions, so as to implement the various aspects of this application.

[0426] The various aspects of this application are described herein with reference to the flowcharts and/or block
diagrams of the method, the apparatus (system), and the computer program product according to embodiments of this
application. It should be understood that each block of the flowcharts and/or block diagrams and a combination of blocks
in the flowcharts and/or block diagrams may be implemented by the computer-readable program instructions.

[0427] These computer-readable program instructions may be provided to a processor of a general-purpose computer,
a special-purpose computer, or another programmable data processing apparatus to produce a machine, so that the
instructions, when executed by the processor of the computer or the another programmable data processing apparatus,
create an apparatus for implementing functions/actions specified in one or more blocks in the flowcharts and/or block
diagrams. These computer-readable program instructions may alternatively be stored in the computer-readable storage
medium. These instructions enable a computer, a programmable data processing apparatus, and/or another device to
work in a specific manner. Therefore, the computer-readable medium storing the instructions includes an artifact that
includes instructions for implementing the various aspects of the functions/actions specified in the one or more blocks
in the flowcharts and/or the block diagrams.

[0428] The computer-readable program instructions may alternatively be loaded onto a computer, another program-
mable data processing apparatus, or another device, so that a series of operation steps is performed on the computer,
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the another programmable data processing apparatus, or the another device to produce a computer-implemented proc-
ess. Therefore, the instructions executed on the computer, the another programmable data processing apparatus, or
the another device implements the functions/actions specified in the one or more blocks in the flowcharts and/or block
diagrams.

[0429] The flowcharts and block diagrams in the accompanying drawings show the system architecture, function, and
operation of possible implementations of apparatuses, systems, methods, and computer program products according
to various embodiments of this application. In this regard, each block in the flowcharts or block diagrams may represent
a module, a program segment, or a part of the instructions, and the module, the program segment, or the part of the
instructions includes one or more executable instructions forimplementing a specified logical function. In some alternative
implementations, a function marked in the block may also occur in a sequence different from that marked in the accom-
panying drawings. For example, two consecutive blocks may actually be executed substantially in parallel, and may
sometimes be executed in a reverse order, depending on a used function.

[0430] It should also be noted that each block in the block diagram and/or the flowchart, and a combination of blocks
in the block diagram and/or the flowchart may be implemented by hardware (for example, a circuit or an ASIC (Application
Specific Integrated Circuit, application-specific integrated circuit)) that performs a corresponding function or action, or
may be implemented by a combination of hardware and software, for example, firmware.

[0431] Although the present invention is described with reference to embodiments, in a process of implementing the
present invention that claims protection, a person skilled in the art may understand and implement another variation of
the disclosed embodiments by viewing the accompanying drawings, disclosed content, and the appended claims. In the
claims, "comprising" (comprising) does not exclude another component or another step, and "a" or "one" does not exclude
a case of plurality. A single processor or another unit may implement several functions enumerated in the claims. Some
measures are recorded in dependent claims that are different from each other, but this does not mean that these measures
cannot be combined to produce a better effect.

[0432] The foregoing has described embodiments of this application. The foregoing descriptions are examples, not
exhaustive, and are not limited to the disclosed embodiments. Many modifications and variations are apparent to a
person of ordinary skill in the art without departing from the scope of the described embodiments. Selection of terms
used in this specification is intended to best explain principles and actual application of embodiments, or improvements
of embodiments to technologies in the market, or to enable another person of ordinary skill in the art to understand
embodiments disclosed in this specification.

Claims
1. A communication method, wherein the method comprises:

sending, by a first device, a first reference signal of M ports, wherein M is an integer greater than 2; and
receiving, by the first device, first indication information, wherein the first indication information is used to indicate
a first precoding matrix in a target codebook, the first precoding matrix is associated with the first reference
signal, the target codebook comprises at least one target precoding matrix, and a quantity of rows in the target
precoding matrix is M, wherein

the target precoding matrix has only two rows that comprise non-zero elements, the target precoding matrix
has two columns, and the target precoding matrix is a partially coherent precoding matrix; or

the target precoding matrix has only three rows that comprise non-zero elements, and the target precoding
matrix is a partially coherent precoding matrix or a coherent precoding matrix; or

the target precoding matrix has only K rows that comprise non-zero elements, K is an integer less than M and
not less than 4, and the target precoding matrix is a partially coherent precoding matrix.

2. The method according to claim 1, wherein the partially coherent precoding matrix is a precoding matrix in which
one column comprises more than one and less than M non-zero elements, and the coherent precoding matrix is a
precoding matrix in which all columns comprise M non-zero elements.

3. The method according to claim 1, wherein the first indication information comprises indication information of a first
transmit precoding matrix indicator TPMI, and the first TPMI is an index of the first precoding matrix in the target
codebook.

4. The method according to claim 1, wherein when only two rows in the target precoding matrix comprise non-zero

elements, the two rows in the target precoding matrix that comprise the non-zero elements are determined by [a,
b; c,d], and a, b, ¢, and d are elements in {1/A,, -1/A4, j/A4, -i/A4}, wherein jis an imaginary unit, and A, is a positive
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The method according to claim 4, wherein the two rows in the target precoding matrix that comprise non-zero
elements each may have any row location in the target precoding matrix, and a matrix formed by the two rows in
the target precoding matrix that comprise non-zero elements is [a, b; c, d].

The method according to claim 1, wherein when only three rows in the target precoding matrix comprise non-zero
elements, the non-zero elements are elements in {1/A,, ei¥3/A,, ei27/3/A,, -1/A,, -e2™3/A, -el27/3/A,}, wherein | is
an imaginary unit, A, is a positive constant, and the three rows in the target precoding matrix that comprise the non-
zero elements each may have any row location.

The method according to claim 1, wherein when only K rows in the target precoding matrix comprise non-zero
elements, the non-zero elements are elements in {elk7K/Az}, wherein k=0, 1, 2, ..., K-1, j is an imaginary unit, A5 is
a positive constant, and the K rows in the target precoding matrix that comprise the non-zero elements each may
have any row location.

The method according to any one of claims 1 to 7, wherein when the quantity of columns in the target precoding
matrix is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors.

The method according to any one of claims 1 to 7, wherein a waveform to which the target precoding matrix is
applicable comprises a discrete Fourier transformation spread orthogonal frequency division multiplexing DFT-s-
OFDM waveform or a cyclic prefix orthogonal frequency division multiplexing CP-OFDM waveform.

A communication method, wherein the method comprises:

receiving, by a second device, a first reference signal of M ports, wherein M is an integer greater than 2; and
sending, by the second device, first indication information, wherein the first indication information is used to
indicate a first precoding matrix in a target codebook, the first precoding matrix is associated with the first
reference signal, the target codebook comprises at least one target precoding matrix, and a quantity of rows in
the target precoding matrix is M;

the target precoding matrix has only two rows that comprise non-zero elements, the target precoding matrix
has two columns, and the target precoding matrix is a partially coherent precoding matrix; or

the target precoding matrix has only three rows that comprise non-zero elements, and the target precoding
matrix is a partially coherent precoding matrix or a coherent precoding matrix; or

the target precoding matrix has only K rows that comprise non-zero elements, K is an integer less than M and
not less than 4, and the target precoding matrix is a partially coherent precoding matrix.

The method according to claim 10, wherein the partially coherent precoding matrix is a precoding matrix in which
one column comprises more than one and less than M non-zero elements, and the coherent precoding matrix is a
precoding matrix in which all columns comprise M non-zero elements.

The method according to claim 10, wherein the first indication information comprises indication information of a first
transmit precoding matrix indicator TPMI, and the first TPMI is an index of the first precoding matrix in the target
codebook.

The method according to claim 10, wherein when only two rows in the target precoding matrix comprise non-zero
elements, the two rows in the target precoding matrix that comprise the non-zero elements are determined by [a,
b;c,d],and a, b, c,and d are elements in {1/A;, -1/A4, j/A;, -i/A}, wherein j is an imaginary unit, and A, is a positive
constant.

The method according to claim 13, wherein the two rows in the target precoding matrix that comprise non-zero
elements each may have any row location in the target precoding matrix, and a matrix formed by the two rows in
the target precoding matrix that comprise non-zero elements is [a, b; c, d].

The method according to claim 10, wherein when only three rows in the target precoding matrix comprise non-zero
elements, the non-zero elements are elements in {1/A,, ei73/A,, el2W3/A,, -1/A,, -ei2m3|A,, -ei™3] AL}, wherein j is
an imaginary unit, A, is a positive constant, and the three rows in the target precoding matrix that comprise the non-
zero elements each may have any row location.
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The method according to claim 10, wherein when only K rows in the target precoding matrix comprise non-zero
elements, the non-zero elements are elements in {e/k7K/Az}, wherein k=0, 1, 2, ..., K-1, j is an imaginary unit, A5 is
a positive constant, and the K rows in the target precoding matrix that comprise the non-zero elements each may
have any row location.

The method according to any one of claims 10 to 16, wherein when the quantity of columns in the target precoding
matrix is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors.

The method according to any one of claims 10 to 16, wherein a waveform to which the target precoding matrix is
applicable comprises a discrete Fourier transformation spread orthogonal frequency division multiplexing DFT-s-
OFDM waveform or a cyclic prefix orthogonal frequency division multiplexing CP-OFDM waveform.

A communication method, wherein the method comprises:

sending, by a first device, a first reference signal of M ports, wherein M is an integer greater than 2; and
receiving, by the first device, second indication information, wherein the second indication information is used
to indicate N of the M ports and a second precoding matrix in a target codebook, the second precoding matrix
is associated with the N ports, a quantity of rows in the second precoding matrix is N, and N is a positive integer
less than or equal to M.

The method according to claim 19, wherein the target codebook comprises at least one target precoding matrix, a
quantity of rows in the target precoding matrix is N, and the target precoding matrix does not comprise a row in
which all elements are 0.

The method according to claim 19, wherein the second indication information comprises indication information of a
second transmit precoding matrix indicator TPMI, and the second TPMI is an index of the second precoding matrix
in the target codebook.

The method according to claim 19, wherein the elements comprised in the target precoding matrix are elements in
{ein®N/A}, wherein n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive constant.

The method according to claim 19, wherein the second indication information comprises indication information of a
port bitmap, and the port bitmap is used to indicate N of the M ports; when each bitin the port bitmap is 0, itindicates
that a corresponding port of the M ports of the first reference signal is not used, and when each bit in the port bitmap
is 1, it indicates that a corresponding port of the M ports of the first reference signal is used; or when each bit in the
port bitmap is 1, it indicates that a corresponding port of the M ports of the first reference signal is not used, and
when each bit in the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal
is used; or

the second indication information comprises indication information of a port indication vector, the port indication
vector is used to indicate N of the M ports, and an ith element in the port indication vector represents one of the M
ports of the first reference signal corresponding to an ith row in the second precoding matrix.

The method according to any one of claims 20 to 22, wherein when the quantity of columns in the target precoding
matrix is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors.

The method according to any one of claims 20 to 22, wherein a waveform to which the target precoding matrix is
applicable comprises a discrete Fourier transformation spread orthogonal frequency division multiplexing DFT-s-
OFDM waveform or a cyclic prefix orthogonal frequency division multiplexing CP-OFDM waveform.

A communication method, wherein the method comprises:
receiving, by a second device, a first reference signal of M ports, wherein M is an integer greater than 2; and
sending, by the second device, second indication information, wherein the second indication information is used
to indicate N of the M ports and a second precoding matrix in a target codebook, the second precoding matrix
is associated with the N ports, a quantity of rows in the second precoding matrix is N, and N is a positive integer

less than or equal to M.

The method according to claim 26, wherein the target codebook comprises at least one target precoding matrix, a
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quantity of rows in the target precoding matrix is N, and the target precoding matrix does not comprise a row in
which all elements are 0.

The method according to claim 26, wherein the second indication information comprises indication information of a
second transmit precoding matrix indicator TPMI, and the second TPMI is an index of the second precoding matrix
in the target codebook.

The method according to claim 26, wherein the elements comprised in the target precoding matrix are elements in
{eInN/A}, wherein n=0, 1, 2, ..., N-1, j is an imaginary unit, and A is a positive constant.

The method according to claim 26, wherein the second indication information comprises indication information of a
port bitmap, and the port bitmap is used to indicate N of the M ports; when each bitin the port bitmap is 0, it indicates
that a corresponding port of the M ports of the first reference signal is not used, and when each bit in the port bitmap
is 1, it indicates that a corresponding port of the M ports of the first reference signal is used; or when each bit in the
port bitmap is 1, it indicates that a corresponding port of the M ports of the first reference signal is not used, and
when each bit in the port bitmap is 0, it indicates that a corresponding port of the M ports of the first reference signal
is used; or

the second indication information comprises indication information of a port indication vector, the port indication
vector is used to indicate N of the M ports, and an ith element in the port indication vector represents one of the M
ports of the first reference signal corresponding to an ith row in the second precoding matrix.

The method according to any one of claims 26 to 30, wherein when the quantity of columns in the target precoding
matrix is greater than 1, any two columns in the target precoding matrix are orthogonal column vectors.

The method according to any one of claims 26 to 30, wherein a waveform to which the target precoding matrix is
applicable comprises a discrete Fourier transformation spread orthogonal frequency division multiplexing DFT-s-
OFDM waveform or a cyclic prefix orthogonal frequency division multiplexing CP-OFDM waveform.

A communication apparatus, comprising a processor, wherein the processor is configured to execute a computer
program stored in a memory, to perform the method according to any one of claims 1 to 9, or the method according
to any one of claims 10 to 18, or the method according to claim 19 to 25, or the method according to any one of
claims 26 to 32.

A non-volatile computer-readable storage medium, wherein the storage medium stores a computer program instruc-
tions, and when the computer program instructions are executed by a processor, the method according to any one
of claims 1 to 9, the method according to any one of claims 10 to 18, the method according to any one of claims 19
to 25, or the method according to any one of claims 26 to 32 is implemented.

A chip, comprising a processor, wherein when the processor executes instructions, the processor performs the
method according to any one of claims 1 to 9, the method according to any one of claims 10 to 18, the method
according to any one of claims 19 to 25, or the method according to any one of claims 26 to 32.

A computer program product comprising instructions, wherein when the computer program product runs on a com-
puter, the computer is enabled to perform the method according to any one of claims 1 to 9, or the method according
to any one of claims 10 to 18, or the method according to any one of claims 19 to 25, or the method according to
any one of claims 26 to 32.
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